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AB STEACT

ipTo r~alize the full performance capabilities of the

Elock iC version of the surface -launched HABPOON cruise

missile, modificaticns have been directed on the HAEPCON

Ship Ccmmand-Launch Control Set (HSCL CS), AN/SWG-I (V). The
purzcse cf this thesis is to begin the design of modules for

a simulation model vhich meets the specification require-

ments of the HSCLCS. These specifications are derived from

stated U.S. Navy requirements, some additional features

_oposed ty the authcr, and features proposed in a previous

thesis. The simulation model can then be used for testing

and evaluating the proposed modifications and for training
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With the introduction of additional performance capabil-

ities in the Block IC version "f the HARPOON crUis Missile,

the present HARPCON Ship Command-Launch Control Set (FISCLCS)

has crcven to be inadequate for controlling this new HARPOON
missile. Therefore, modifications have been irected by the

Chief of Naval Operations, to take advantage cf these

supolemettary features. The system specifications have been

scat forth by Naval Sea Systems Command.

Since tke HSCLCS must be redesigned to facilUitate the

system s'-ecifications, it is readily apparent that a simula-

tIon model should be developed to tast the system specifica-

tions and, once determined to be a usable model, to be
further used for training purposes. The development Of Such

a model allows an experimenter t.o play with the system, and

investigate potential problem areas, as well as, encourage

the process of innovation.

in desicning a simulation model of a real system, th e

goal should be to conduct testing to understand the behavior

of the system or to evaluate various strategies of system
14 o~eration under consideration. A further goal should be for

the model to be used for training purposes when i.t is not

feasible or cost effective to use the real system. The art

of modelirg encompasses the ability to classify the problem,

abstract the essential features, and then elaborate on

these , to produce a model where useful approximation

results. Special care must therefore be taken, to ensure

that the model is an accurate and viable representaticn of

the real system. To meet this end, certain criteria must be

set in support of the develcpment of a p--oper simulation
M model, including:

a . ease in understanding by the user.

9
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b. a purpose or goal directed model.

c. ease of control and manpulation of the model.

d. model completeness on important issues.

e. no allowance for nonsense answers.

f. ease Of model modification.

Keeping these criteria in mind, and realizing that simu-

lation modeling is a learning process, the task cf model

-: develc~aent may begin.

A1
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II. HARPCON SHIPBOARD COMAND-LAUNCH CONTROL SET (HSCLCS)

This chapter will summarize the system specificaticrs as

set forth in Reference 1, and as developed by Reference 2

and Reference 3. This phase will present the existing

s-:steu, the needs cf the existing system, and technical

constraints imposed cn hardware and software considerations.

A. PRESENT HARPOON NAPON SYSTRE (HIS)

The HARPOON Weapcn System (HWS) was developed to meet

the needs of the Navy's anti-ship mission. This system is

deployed cn fast attack submarines, seve ral type aircraft

and surface combatants. The HWS's purpose is to provide

all-weather, over the horizon, day/night anti-ship capa-

bility. It is coupcsed of the missile subsystem, the asso-

ciated launcher subsystem and the co.mand and launch ccnt.ol

subsystem. This tkesis shall be primarily concerned with

the latter.

The HARPOON missile utilizes in in flight low-level

tralectory with a pop-up feature during it/-s -erminal phase.

It has an active radar seeker with counter-counter measure

capability to assist in attacking ove- the horizon surface

targets.

In the ship-launched version, the HARPOON missile

utilizes either third party or onboard sensor data for
tarqeting purposes. Then, since the missile requires no

further infcrmation after launch, it is considered a "launch

and forget" type weapon.

• . o -. . - -.. - . . . .. .. . ,- . . .
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Po tle shipboard configuration, the HWS data prcc.ssing

and control functions are provided by the HSCLCS. The HSCLCS

has three operating mcdes: casualty, normal, and training.
In the normal mode, the HSCLCS provides the following major

functions:

- Distribution of pcwer to various HWS equipment.
- Selecticn and application of missile warmup power.

- The ability to conduct various automatic and manually

initiated tests which confirm the operability of the

HSCLCS.

- Selection, transfer, processing and display of target

data.

- Coordination of the selection of tactical missile mode

and typs of fusing.
- Selection of the launcher cell containing the intended

HARZCCN missile.

- Initialization of the selected missile and the supervi-

sion of the exchange of data between the missile and

other HWS equipment.

- Control of all missile firing activities.

These functions are carried out primarily by the HAPCON

Control Console (HCC) and the Weapon Control Indicator Panel
(WCIP).

The 5CC encompasses most of the system-unique ccmmand

and launch subsystem equipment. This includes the Data

Processor Ccmputer (DPC) , a 16 bit microcomputer, and a Data

Conversion Unit (DCU), an analog digital converter. These

twc ccmponents perform data conversion and processing, and

provide an interface with current ship sensors or external

e;uipment.

The VCIP provides the operator with visual status infor-

mation of the fire control solution. It further provides

the operato: with manual input capability.

12
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The DEU executes assembly language program to provide

the fcllowing services:
- Validation of launch envelope parameters.

- missile command generation for implementation of missile

control parameters including ship's attitude, s-azch

pattern orders, engine starting, flight termination

range, altimeter setting, and various selectable flight

tralectcry and maneuvering modes.

- Missile testing prior to launch.

- Pre-launch sequencing and timing.

- Data formatting and transfer synchronization.

The DCU processes all digital and analog signal conver-

sion. It further provides interfacing of target data inputs

for the Naval Tactical Data System (NTDS) and it also

provides for ship motion parameter conversion.

P. CURRENT DEFICIENCIES IN TB HSCLCS

With the introduction of new enhancements in tho HAPPCON

missile, new command and control problems have also been

introduced. The current WCIP cannot accommodate these new

capabilities. Further, the operator Is not provided with

sufficient facilities to direct and execute a well-planned

HARPOON attack. These new capabilities mandate a substan-

tial change ia the hardware and/or software of the existing

HSCLCS. Since current software is written in machine

lanquaqe, it is extremely machine dependent. This, coupled
with the added difficulty that different hardware configura-

tions exist for subsurface, surface and air launches,

further compounds the problem of software standardization.

Reference 2 and Reference 3 set forth existing deficiencies

in the current HSCLCS. These include:

- Full tactical ccntrcl of missile variants (the pre-

launch selections) are not available to the existing

WCIP.

13
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- The WCIP provides inadequata control for a well

coordinated, multi-ship or multi-platform attack agais-st 

a single surface target.

- The UCIP provides inadequate control for a multi-missile

(SALVO) attack against a single surface target.

- The MCIP does not incorporate existing intelligence

information (e.g., target class, course, speed, secto:

of vulnerability) into the engagement planning process.

- go ccmputer-aided engaged ;lanning is implemented.

For engaCgment planning, the HSCLCS has the following

deficiencies:

- Insufficient infcrmaticn is displayed at the WCIP to

peruit the operator to evaluate the quality of an

enqacement plan (e.g., probability of acquisition).

- Insufficient information is displayed at the WCIP to

rrovide accurate data, implying risk to unintended

targets during booster drop, flyout and target

acquisition.

- The WCIP provides no display of planned trajectory,

flight path or seeker search patterns.
- The HSCLCS does not provide computer-aided engagement

;plan quality and safety analysis.
- The VCIP provides no status information on available

missiles and associated launcher.

- Only track data for one track can be sto-ad, with no

capability for multi-track retention.

- No means are currently available to provide corrections

essential to missile performance for the environmental

parameters such as wind, rain and sea state.
With these deficiences, the training mode is, at best,

minimal. Since there is a general lack of realism, espe-

cially in the graphical representation of the engagement

nict ure, the operatcr has little ability or inclinaticn to
improve his proficiency.

L ~
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C. His COSTILIUTS

Modifications to the HSCLCS should take advantage of,

but not necessarily be limited to, the following new missile

capabilities:
- Vayncint selection.

- Range and bearing (RBL) search pattern expansion direc-

tion selection.

- Terminal attack mcde selection.

- Maximum range increase.

- Siqh-altitude flycut

- Pre-search sea skim.
Vith these capabilities in mind, Reference I has set

forth the modification and specification limitations of each

of the ccmpcents in the HSCLCS.

1. unnRPOO Control Con

The HCC may be modified as required to acccmmcdate

power and digital interfaces to the UCIP, and to prcvide

integral mounting with the WCIP. In addition, the HCC must

meet the specificaticn requirements of Appendix C.

2. Data Convers122 Unit (CO)

The DCU modifications are limited to the removal of

circuit cards in order to provide required functions for the

CIP. It will provide an interface with the ship's motion

systems, target detection systems and missile launch

e;Uent.

3. _Dat_ P_ ojlasr q2_apue Qgg .=(_ _)

The DPC is a general purpose computer with ultra-

violet erasable programmable read-only memory (UV-EPROM).
This computer provides weapon control solutions to the

missile and provides direct real time control of the WCIP.

15
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It also conducts interlock cciFutations to prevent launch

when the ship roll and pitch are excessive, launc her

pointing and stabilization crders and conducts self--:es:inq

on the VCIP or HARPOCI missile when directed. The modified

EPC shall consist of (a) a new Central Processing Unit

(CPU) which will provide the computational speed required

of the VCIP engagement planning functions, (b) a minimum of

110,000 sixteen-bit words of UV-EPROM, 16,000 sixte.en-bit

words of random access memory (RAM), and 2,000 sixteen-bit

electronically erasable programmable read-only memory, and

(c) an RS 232 serial interface for use with external devices

providing training or data extract functions. The DPC may

be further modified tc support the engagement planning func-

tions as spcified in Appendix C.

a4. _s Cntrol-I.OicAtor Panel (KC__) Grnhic

Discla Sv s ei

The NCIP GraFhics Display System (GDS) shall consist

of a plasma graphic display with embedded microprocessor and

twenty manual entr.y buttons under software control. This

function will allow the operator to plan, evalua-.e and

execute a HARPOON engagement and to conduct training. The

disolay is to provide the operator with a visual depiction

of the tactical engagement situation and concurrent readouts
of necessary engagement data. It is noted that a prototype

disolay has already been developed, and is currently under

evaluation.

5. _~o C _Ajcl_!ncatE _

The VCIP will be required to provide all the func-

tions of the specifications listed in Appendix C. It must

provide operator/HSCICS interactive functions required for

enqaqement planning. It will provide visual status informa-

tion on the HARPOON missile and launcher, and the manual

16
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con rcls for selecting missile initialization functions/

parameters and firing of all HARPOON missile variants.

Although target data entry for missile initialization is

normally automatic through the DCU, alternate manual entry

must te crovided for from the WCIP.

.. D. PROPOSED SOPTWIR PLI

" Reference 2 and Reference 3 set forth cons-cutive

r-ifinemints to a software plan. A requirements analysis was

conductsed tc provide a foundation for the flow and structure

cf information and to identify interface details within

existinq design constraints. To accomplish this analysis

the use of a data flow diagram (DFD) was used. ]his type of

diaqram is a graphical aid for demonstrating data flow

during t-h 4esigning cf a software system. & general outline

of a DFD consists of the following:

1. DFD Attributgs,

- Information flow can be represented by a DFD for any

sVstem.

- ach transformation in a DFD may require refinement

to realize a complete understanding Cf the

transformation.

- Data flow must be emphasized without regard to

ccntrol of data.
-'- 2. _DTD _sp _ oq]

- Information flcv is identified by a labeled line from

the source to the sink with an arrowhead pointing in

the direction of flow.

- Data transformation is represented by a circle.

- Information sources and sinks are displayed as

rectangles.

- Stcred information (i.e., data bases and files) are

r1qr~sented by two parallel lines.

17
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3. DPE Usaqj 211delines1

h - Tte first layer of the CFD is the system modul.

- The second layer of the DFD is a generalized overview

of the DFD.

- All items in the DFD including arrows must be
t-" labeled.

- Informaticn continuity is required for all DID

refinements.
- Refine only one item at a time.

- When uncertainty exists as to whether further refine-

ment, assume that the possibility exists.

- Fcllow data flow from left to right.

- A transformaticn may output control data for a subor-

dinate module. This control data does not represent

control structure and therefore is not control flow.

Figures 2. 1 through 2.4 represent a refined development

of the HSCLCS by the data flow method.
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III. !OLING -!CS

In creating a simulat ion model of the HSCLCS, the

assumuticn is made that the simulation will be used to
*-- examine the properties of the HSCLCS, and, if found dapen-

dable, used as a training device. In developing this mcdel,
- a number ef intermediate steps may be identified to assist

in the mcdel development. Several of thess steps will be

develced here, but others must wait until actual model

implementation conducted under other theses.

A. SYSTIN DEFINITION

At this stop of the modeling process, a determination

must te made of the boundaries (i.e., what will be simu-

lated) utilized in developing the system. Since a formula-

.tion of the simulaticn model may change as it is being
developed, the conditions set forth at this stap cannot be

considered solid. As new information becomes available,

these conditions must be amenable to change.

1. Boundaries

The HSCLCS is a major component of the HARPOON

Seaooni System (HWS) comprised of two elements: the HARPCON

Control Console (HCC), and the Weapon Control - Indicator

Panel (WCIP). It's primary purpose is to provide the capa-

bility to initialize and launch existing HARPOON missiles.

In it's present configuration, the HSCLCS provides a weapon

contrcl sclution, missile initialization, launcher control

and missile firing functions. With new modifications, the

BSCLCS shculd also provide engagement planning and iata/

traininq extract capability.
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The ECC perfcrms most of the data processing and

conversion necessary for missile launch. The WCIP Frcvides
visual information tc the operator during the fire control

solution formulation, and further provides fo: manual
control ty the operatcr. In the simulation model develop-

ment, it would appear that the HSCLCS would be the sole

object cf simulation. 1owever, since the HSCLCS obtains

information/data from other ship sensors or from prcposed or
current manual input, the model must allow for input of

simulated ship sensor information/data either manually or

automatically.

2. model Formulaton

The next task is that of model fcrmula.ion: reduc-

tion of the real system to some logical flow pattern. The

model formulation shculd neither oversimplify the system nor

overspecify it so as to appear awkward or become extremely

expensive. The latter case is usually the problem area. In

this simulation, the model may be necessarily bulky due to

the need to simulate the antire HSCLCS subsystem.

In setting fcrth the model formulation, certain

criteria must be incorporated to ensure a good simulation.

Because the final result of tbhs simulation is to be more

alonq the line of a prototype development that as an anal-

ysis tocl, the initial structure for the model formulation

as set forth in the data flow diagrams of Chapter 2 can be

used. It would then appear that each of the boxes in the

data flow diagrams can be developed into a module for the

simulation. Several criteria are met for a good simulation

by proceeding in this manner.

The first criteria is that the model becomes easily

purpose or goal directed. Each module will be developed to

carry out a specific task. If the desired goal of the model

chanqes, such as for training, then a minimum number of
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chanaes will be required. This coincides with the irpo-tant

criteria of model mcdification. Through the creation, of

modules from the data flow diagrams, using the transaction

transform analysis methodolcgy described in Reference 4, the

effects of any changes to either the design specifications

or to the system design will be minimized.

Modularizaticn can also lead to ease of control and

maniulation of the model. If the modules are developed

correctly, that is, through proper abstraction and good

interfaces, then the designer will only need to know what

the modulc_ does and not necessarily how it does it. This in

turn leads to a better understanding of the sys-sem by

reducing the complexity at each level of the model. This
will- further allow ease in determining completeness on all

important areas of tke model.

Othetr criteria for a good simulation must be

completed at the implementation stage of model development.

These include ease in understanding by the user and no

allowance for nonsense answers. The former will requirs

carefully designed interaction with the user, whereas the

latter will require input parameter checking.
In a general overview, the model can probably best

be split into 4 modules: a) data processing unit (DPU), b)
data conversion unit(DCU), c) weapons control-

indicator(WCIP) panel graphics processor and d) weapon

control-indicator panel controls. The main desire is to

check the use of the WCIP graphics processor and controls,

however, sirce much cf the input is through the DPC and DCU,

they too will have to be simulated. The DPU and DCU may

carry the added burden of simulating the ship sensors, or
may solely provide data in a refined form. The graphics

processor will probably be the most difficult to simulate,

and may not in fact be completely necessary. However, to

ensure some sense of reality, the graphics module should

closely model an actual display.
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Since a first design refinement of the sys-em has
already teen made, Bef. 3 there appears to be no real need

to make major changes at this point. Now the task of

defining the structures for the data bases identified in

Acpendix D, and the mcdules identified in Appendix E, can be

made.

3. Databases

. I1All of the data bases in Appendix D appear to be

sufficient for the simulation. This assumption does not,

however, prevent changes in later stages of the model devel-

oDment. If an element in the data base requires a default or

initial value, it will be acccmplished by one of the modules

listed in Appendix E.

a. Environmental Data Base

The Environmental Data Base is used to store

informaticm about current weather conditions, to be used in

obtaining a practical engagement solution. This data base

will always reside in main memory. It will consist of a

.4 single record with eight fields:

Visibility : integer range 0..30(miles

Sea State : integer range 0..10
Wind Direction : integer range 0..359 (degrees

Wind Speed : integer range 0..100(knots

Relative Humidity : integer range 0.. 100 (percent

Temperature : integer range -100..150 (degrees F

Barometric Pressure : integer range 900..1100(millibars

Precipitation : string(yes,no

The following default values will be made auto-

matically prior to any manual entry from the operator, or

automatic entry from selected ship sensors.

Visibility : 1

Sea State : 1
Wind Direction : 000
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Wind Speed : 0

Temperature : 50

Barcmetric : 1020

Precipitation : No

After initialization, the operator may input the

current environmental conditions manually or allow automatic

updates from own ship sensors.

t. Launcher and Missile Status Data Base

This data base will consist of an array of

records equal tc tie number of cannisters available for

launching missiles. It will always reside in main memory.

Each reccrd will consist of the following four fields.
Launcher Number : integer range 1..#launchers

Cannister Number : integer range 1..8

issile Type : integer range 1..7

Launch Inhibit : integer range 0..1
The follcving values will be assigned upon acti-

vation of the system. The values will be selected from a

file in secondary storaga. The file in secondary stcrage

may be modified to accommodate any type of platform and any

type of missile loadout. When any changes are made by the
o:erator to the data base, they may only be accomplished

using a special code.

Launcher Number : current launcher number

Cannister Number : current cannister number

Missile Type : type missile in current cannister
(a value of 7 indicates the

launcher is empty and requires
0 launch to be inhibited for that

cannister)

Launch Inhibit : 0 (inhibited)
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The size of the structure holding this data base

in main memory must be variable to allow for the require-

ments of different platforms. One method to permit this

would be to have tke first item read frcm the secondary

storage file indicate the size of the array (i.e., the

number of available cannisters) . If for some reason the

size needs to be changed, such as for an inoperable

launcher, the operatcr will have the capability of changing

the size.

c. Menu/State Data Base

, This data base will raside permanently in main

m -mory. Immediately upor. power up, this data base will be

initialized. The Ccntrol Module will make a call -. the

Menu/State Display Module, notifying it that the current

state, cr process instance, is 0. This will cause th

Menu/State Display Module to initialize the data base and

enter state 1. The data base will consist of an array of

records. Several of the fields will be of variable le-ngth.

The fields will be arranged in the following manner:

State : integer range 1..maxstate

Number Cpt.ons : integer 1..mazoptions

Menu Display : array (2,Number Options)

Option

Display Location

After the data base has been initialized, the

first menu that will be displayed will be the main menu.

Thereafter, whenever a menu selection is made, the state

will be identified and sent to the Menu/State Display

Module.
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d. Ship Parareter Data Base

The Ship Parameter Data Base will consist of
informaticn about the operators own ship. It will contain a

single record with four elements, and will reside in main

memory.

Course : integer range 0..359

Speed : integer range 0..maxspeed

(maxspeed is maximum speed of the

platform which must be tailored
for each individual platform).

Latitude : record

degrees : integer range -90..90

minutes : integer range 0..60

seconds : integer range 0..60

Longitude : record

degrees : integer range
-180.. 180

minutes : integer range 0..60

seconds : integer range 0..60
All elemqnts will be initialized to 0 after

which the operator may input changes manually. Automatic

chanqes may also be made via ship sensors (e.g., pit sword,

dummy log, gyro, navigation equipment).

e. Threat Data Base

This data will always reside in some secondary

s-oraqe since it will only be needed when requested. The

potential for this data base becoming very large is readily
a;parent. This data base may only be changed with special
permission. For the purpose of this simulation it will

consist ot a file of records with six elements.

• Ship Name : string
L.Nationality : string

Ship Class : string
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'W leapons - string

SCM Equipsent : string

Enqament Hethod : string

All information in this data base may be changed

.... by the operator using a special code. The informaticn in

this file may be of classified origin. The data base should

have the ca:ability of being accessed for specific informa-

tion by tke Ship Mame. Further, to facilitate flexibility, a

list of shivs should be capable of being accessed by using

the Naticnality or Ship Class elements.

f. Egagement Da-.a Base

This data base will be utilized in conjunction
*"*"with the Track Data Ease. Since there will be a need for

information in both data bases to be identified by a track

number, it appears appropriate to store both data bases as

one. However, each data base's manager will only have

access to a portion of the information. To allow for

engaqement of up to 20 tracks, an array of 20 elements will
be needed. Each of the array elements will consist of a

record with sixteen fields.

-" Track Number : integer range 100..3199

Type Track : integer range 1..7

(1=Surface Friendly)

(2=Air Friendly)

(3=Subsurface Friendly)

(4 Surface Hostile)

(5=Air Hostile)

(6=Subsurface Hostile)

(7=Unknown)

Type Enqaqement : integer range 0.. 1
-'':(0 =Man a1, 1 =Auto)

. Class of Vessel : integer 0..1

(0-Large, 1=Small)
Bearinq : integer range 0.359(degrees

30
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Range integer range O..maxra.ge(milq

Latitude : record

-- Degrees : integer range

-90..90

Minutes : integer range 0..60

Seconds : integer range 0..60

N Longitude record

Degrees : integer range

-180..180

Minutes : integer range 0..60

Seconds : integer range 0..60

Course : integer range O..359(degrees

Szeed • integer range O..max (knots

Numbe- Miss Fire integer range 0..8
Firing Sacuence : array range 0..max

Type Missile : integer range 1..4
.%

Flight Path : TBD
* Waypoints : TBD

Missile Selected : integer range 1..max

4. Levsl 1 Modules

Level I is the highest level ia the simulation. It
- corresponds to the Control Module of Figure 2.1. It is this

module which will be responsible for controlling all lower

level modules and ensuring that rhe simulation always

remains in a consistent state. Immediately upon activation

of the system, the Control Module will be responsible for

initializing all of the data bases with their required

default values. This may require the addition of a module

to perform initialization and to input default values as the

oerator makes additions, deletions and changes to appro-

priate data bases.
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The Control Module will also be responsible for

ensuring that Sufficient parameters are available when

call-'n lower level procedures. it will be at this level

that lower level modules requiring a "time" field for their

data structures will obtain the correct 4.ime. This need for

a "time" field will be addressed in the next chapter.

The simulaticn must further maet the specifications

"f Appendix 1, requiring a training mode and data extract

capability. These features should be incorporated to allow

the user tc specify a training or a full simulation mode. If

the trairing mode is selected then a file in. secondary

storage will be opened. Whenever any change is made in any

data base, the change will be entered sequentially, with the

time of tle change in the seccndary storage file. This will

allow for later retrieval of the data so the operator may

study and evaluate his training session.

5. Levc-l 2 Modules

There are two modules at this level: the Process

Mlodule and the Display Module. Normally the

:- Launcher/issile Assignment Module would be at this lqvel,

howev.r, it has been moved to level 3 to allow for manual

inout of launcher and missile assignment. This will permit

the operator to fire a missile quickly should the tactical

situation dictate, without having the engagement analyzed.

This does nct prevent automatic engagement which may also be

dependent upon time constraints and/or the tactical

situation.

a. Process Module

The Process module will control the selection of

lower level modules for addition, deletion and making

,V... changes in appropriate data base records. The only informa-
Stion which the Process Module should return to the Control
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Module is information concerning errors in improper par-am-

eter passing and reccrds not found error messages. if the

oerato- selected the training mode a,: the Contol Mcdulc.

level, the Process Module should have been passed this

informaticn just one time. This will allow all changes,

additions and deletions to be written to a secondary stcrage
file. Further, if the information is passed just once, then

valuable time will not be wasted at each call to the Process

Module to see which simulation mode has been selected. The

Process Module should also prevent unauthorized changes in

the Threat Data Base Manager Module. The latter requirement

may not te needed, as will be addressed later. The Process

module will carry the added burden of simulating ship

sensors, NTDS and third party information. These tasks

should, if possible, be conducted concurrently.

t. Display Mcdule

Here is the module that has the potential to

become very large. The Display module must display all

requested information without destroying any data in any of

the data bases. This module should only pass informaticn to
the contrcl module concerning errors in requests for

displals that do not exist. This module will undoubtedly

require additional refinement when the model progresses to

the model enters the testing phase of the model simulation.

6. Level 3 Nodules

Ncst of the data base managers occur at this level,

with the exception of the Plan Engagement Data Base Manager.

The majority of the graphics display modules are also at

this level. It is here that extreme care must be made in

granting write access to the data bases and ensuring that
changes tc fields in the data bases are within appropriate

ranaes. This might be accomplished as an input control.
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a. Ship Parameter Data Base Manager

This is the only module which will have write

access to the Ship Parameter Dat a Base. After initializa-

tion of the data base, the operator will be able to change

the fields manually. Auto ma.ic updates may be made through

the Contrcl Module fzcm own ship sensors (e.g., gyro, navi-

gation equipment). The Control Module will ensure that

uodated infcrmation is passed to this mcdule as required,

and upon every speed or course change. During the period

between updates ordered by the Control Module, thq Ship

Parameter Data Base Manager will cause updates every minute

based upon current ccurse, speed and position in the lata

base. This will permit those modules with read access to

the data kase to have reasonable confidence in the accuracy
of the data. If the Control Module was unable to cbtain an

u)date fzc. own ship sensors, the operator will be notified

that the data may be out of time tolerance. This might be

accomplished by prompting the operator for input at the

required time, and nctifying him what equipment has failed.

Sh. Environmental Data Base Manager

This module is responsible for updating the
Environmental Data Base. It is the only module with write

capability to this data base. Since most of the data in the
Environmental Data Ease will remain accurate for several

hours, with the exception of wind speed and direction, there.
-- is no mandatory updates unless specified by the operator.

In the case of mandatcry updates, the operator may specify

-' time intervals in the Control Module, to permit checking of

ship sensors for wind speed and direction only.

-' 3
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c. Convert Coordinates Module

This module will provide a capability for the

Track Data Base to be updated either manually, from own ship

sensors, or via the NTDS link. As this module receives

informaticn, it will determine the coordinate system repre-

sented by the data. The Convert Coordinates module will

then change, if necessary, this data to coordinates in the

rpference system the operator has selected (i.e., true, NTDS

grid, geographic). If this module has been accessed solely

to add or delete information, then no conversion should take

place. it any point, if the operator chooses to change the

reference system, this module will make the appropriate

conversion cf data for the display.

d. Threat Data Base Manager

The Threat Data Base Manager will be used to

change data in the Threat Data Base. It is the only module

that will have write access to this data base. If a change

is made to this data base, it should be done prior tc
commencinq training or at times when the system 's solely

activated for this purpose. The major reason for this is

the potentially large size requires that it be stored in

secondary storage, thus significant time will be required to

access the desired data to make changes. For the purposes

of this simulation, this model can most probably be deleted.

The reason for this is that since only twenty keys are

required to be under software control, the real system will

probably be updated off line. This should not detract from

the overall testing cf the system in later phases. It is

anticipated that secondary storage will be either a hard

disc cr bubble memory.
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".. Menu Dis;lay Module

ThIs module will :Eei.ct the appropriate menu

f-om the Menu/State Data Base and display it on the screen.

The Menu Visplay Module will always keep track of the

current state of the system, and only display the available

alternatives. No alternatives should be made available that

can not be carried cut (e.g., allowing a change to the

Environmental Data Base when the Ship Parameter Data Base is

currently accessed). All menus should have the capability

of esca;ing to the Main menu. This feature will always

alloy the operator to escape in order to fire a missile.

Since this allows the operator to escape before all neces-
sary data might be input, there will be times when changes

to data bases should not be made until all the required

informaticn has been entered. An example is adding a track

and assigning a missile without providing some information

concerning range and/cr bearing. In this case, no track

should be added until minimal information has been provided.

The only information that must be passed to this module is

the current state. Since the specifications only call for

20 keys tc be under software control, many of the keys will

be required to have multiple menu assignments. The key will

therefore have to be displayed with the menu selection to
which it pertains.

f. Launcher Missile Status Display Module

Here the operator is provided with the ability

to check the current missile/launcher status for the entire

system, or any porticn thereof. The Launcher Missile Status

Data Base may be read by this module, but may not make any

changes to it. If the operator desires, he may select

disolay fcr a particular missile, all missiles in a specific

launcher, or for the status of all missiles.
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g. Environmental Display .ldile

When called by the Display Module, the current

values for the environmental conditions from the

Environmental Data Base will be displayed. This module will

only have read capabilities on the data base. However, the

onerator will be able to select from one of the menus to

make a chanqe.

h. Engagement Display Module

The Engagement Display Module controls several

lower level modules. It's main purpose is to decide which

module to select based upon the operators desires. It will

cause information frcm the Threat Data Base to be displayed,

cz infcrmation about the current engagement plan. If the

on-erato: selected the manual engagement display, he will

have the opportunity to input his own engagement plan and

see vhat will happen, prior to any changes being entered in

the data base. This will present the operator an cpportu-

nitv to cleck his plan before instituting it.

i. Ship Parameter Display Module

This module will display all information

currently In the Ship Parameter Data Base. It will only be

able tc read from the data base, axad present the information

in an intelligible fcrm for the operator to understand. A

menu selection will be available when this module is called,

to Dermit the operator to institute a change to the data
tas •.

1. Track Display Hodule

This is the last module at level 3. It's

purpose is to display all tracks currently in the Track Data
Base. Ary time any change is made in the Track Data Base,
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the display should reflect the change. This infcrma-ion

should he displayed at all - times for the operator. To

facilitato, this, all menu displays and other infcrmstion

must be displayed on areas of the screen outside the track

display. The cne exception to this is the engagement

- displal which must be superimposed on the track display.

7. Level 4M odules
.This level of modules controls the type of track

update, manual missile assignment, automatic and manual

enqaqement rlanning, and the display of the engagement plan.

These modules will be used almost extensively for selecting

lover level modules to process data.

a. Type Track module

Little is required of this module. It must

decide if a track is being accessed for addition, deletion

or update, and then select the proper lower level module.

One task that might he useful to incorporate at this level,

is to maintain a count of the number of active tracks in the

Enqaqement Data Base. By keeping a count at this level,

unnecessary searching of the data base can be prevented when
a track addition is needed and the data base is full.

t. Launcher Missile Assignment Module

This module is one of the most significant.

It's purpose is to allow the operator to bypass engagement

planning modules and quickly select and launch the desired

missiles. The operator will have the option of assigning

any missile to a specific track. After launch the

Engaqement Data Base must be updated. This may be done by

uadating the Launcher Missile Status Data Base with informa-
tion that the cannister is now empty after the missile has

teen fired. A drawback to this is that by allowing the
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ooeratcr to fire in this manner, h 1 will not be able to

obtain an engagement display for this firing. The operator

may select this module only from the main menu.

c. Plan Engagement Module

This module automatically generates the optimum

type encagement for all designated tracks unless manual

input has been specified. The Launcher and Missile
Assiqnment Module may also bypass this module whenever rapid

firing of a missile is mandated. Information will be

obtained from the Engagement Data Module and Probability of
Acquisiticn Module, and a sclution identified. The solution

will then be entered in the Engagement Plan Data Base. This

informaticn may be displayed by the operator, whenever he

dasires.
d. Threat Display Module

Upon entry into this module, the operatcr will

be rrompted for the method by which desired information
should be obtained frcm the Threat Data Base (i.e., via ship

name, nationality, or ship class). After the operator has

made his selecticn, the module will access the Threat Data
Base in secondary storage, and display the requested infor-

mation. The operator will have the opportunity of

requesting additional information if he originally requested

information by nationality or ship class. If the information

requested will nct fit on the screen, the operator should be

able to conduct paging until he obtains the necessary infor-

mation. Be must be allowed the opportunity to escape at any

time. The menu selection should therefore allow for paging
until all the information has been displayed, or the oper-

ator has requested an escape.

39

.|



e. Automatic Engagement Display Module

Here, all infcrmation concerning the planned

engaqeme.nt for a desired track is displayed. This will

allow the operatcr tc see before hani if the type engagement

is proper, and if not, make the appropriate adjustments.

Informaticn cbtained from the Engagement Plan Data Base will

be passed to a Graphics Display module so that the actual

display may be made. The reason for passing the infcrma-

tion, instead cf displaying it immediately is that the

Manual Enqagement Display Module will use the same graphics

module. The will help prevent a duplication of code.
-.. _.
-U . level 5 Modul~

This level might be considered the work level. It is

here that the majority of data is added, deleted or changed.

nformaticn is also cbtained at this level for forming an

automatic engagement solution. The Graphics Display Mcdule

also does a1 of the work at this level to present the oper-
ator with an engagement display.

a. Delete Module

Ftr ease in deleting a track, the delete module

will locate the desired track in the Track Data Base and set

the Track lumber and Track Type fields to zero. This will

cause the record to become free for future use. If the

track is not located, the operator must be notified, in the

event that an improper entry was made. There is nc need to

zero all the fields in the data base, since other modules

with read access will know by the Type Track field, that the

record is inactive.

%
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- t. Updat:e Track Module

Here the operator must be g; ver a menu selec-ion

to oermit this module to decide if ha wants to update ccurse
and speed and/or range and/or bearing. He should have the

capability of update any or all. He must then identify the

track he desires to update. If the update is automatic, the

UDdate Track Module will decide which lower level module tc

call.

c. Add Track Module

If the Add Track Module is called, it will

search the Track Data Base for the an available Track Number

field to have all zeros. Zeros in the Track Number field

indicated the record is free for use. All information passed

will this be placed in this record. If no record is avail-

able, the operator will be nctifiel, that the data base is

full. An additional requirement for the track data base,

2ay be the need to place a priority on each of the tracks.

This would allow the removal cf the lowest priority track if

the data base is full and a higher priority track is

designated.

d. Engagement Plan Data Base Manager Module

The only purpose for this module is to enter

information into the Engagement Plan Data Base as specified

bv the Plan Engagement Module. It is the only module to

have write access to the Engagement Plan Data Base. If the

oaerator bad decided cn a manual type engagement of his own

while in the Manual Engagement Module, this information
wculd have been passed up and down through the Control

module.
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e. Probability of Acquisition Module

This module will generate the probabili--y of

acquisiticn by obtaining information from the Uncertair.ity

Ellipse Module. Information that must be passed to this

module is type missile, search pattern, type target, and

tarq t ECH capabilities.

f. Graphics Display Module

This module will probably be the most difficult

and cumberscme module to develop. It must be set up to

dis.lay all the informaticn concerning engagement of all

tarqets. It must not erase the information displayed by the

Track Display Module, and it must be flexible enough to

handle use from the Automatic Engagement Display Module and

the Manual Engagement Display Module.

9. Level 6 Modules

This is the lowest of the module levels. At this

lev l minor calculations are made, data is obtained from
several data bases, cr changes are made in data bases.

a. Course/Speed Update Module

If called by the Update Track Module, the Track

Daza Base will be accessed for a course and/or speed change.

This module must ensure that all entries to course and/or
sneed are within proper range. If not the operator must be

notified to reenter, or verify the the information to be

correct. If the change was requested by an automatic update,

and was out of range, the inf--mation must be displayed to
the operator, so that corrections may be made or the request

canceled.
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b. Bearing/Eange Update Module

This module will operate in the sam. man-er as

the Update Track module, except wt will only deal with the

.earing and/or range parameters.

c. launcher and Missile Status module

The Launcher Assignment Module may obtain irfor-

mation directly from this module in order to select an
- available missile for immediate firing. This module will

access the Launcher Missile Data Base and pm.rmit the oper-

ator to select any missile nct inhibited for launch. Once

the missile is fired an update must ba made through the Plan

,ngaqement module in the event that the missile has been

selected for another target in the Engagement Plan Data

Base.

d. Threat Data Module

The only function of this module is to read data

from the Threat Data Base, and provide the informaticn to

the Inqaqement Data Mcdule. The module does not have write

capability for the Engagement Data Base.

e. Uncertainity Ellipse Module

% By taking parameters such as number of missiles

to be fired, probability of acquisition of the target, and

lethal capability of the missile(s) being fired, this module

will return ellipses to determine the uncertainity of

locating the target within each ellipse. This information

will te provided up the line to the Plan Engagement Module

for evaluation.
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B. SIBtJATIOI OVERVINI

Since the objectives of each module in the simulaticn

has been established, an overview of how the simulation

should interact with the user is in order. This overview is

not all encompassing, and should not restrict implementation

on a broader or more conservative scale. Specifications set

forth in Appendix C should, however, be maintained as

closely as possible.

Immediately upon activation of the simulation, all data

bases will be initialized to their default values. The user

should not be required to provide any input to effect this
initialization, with the possible exception of specifying

the tyne platform (e.g., destroyer, frigate, cruiser). The

exception could be randomly generated to keep the user from

always using the same type platform.
After initialization has been completed, the user will

be :rcmzted for his desired mode of simulation: full simula-

tion mode or training mode. The only difference in the

selections is that the latter causes all changes to any data

base to be entered in a secondary storage file fc later

purusal. The user will then be prompted for the current

time in hours, minutes and seconds. This information will be

used to start a real time clock. The clock will time the

simulation, and provide randcm variants for the generation
of shiD sensor, automatic input and required manual input

data. This latter feature will provide some sense of

realism by requiring some information to be manually input
by the user. Further, the use of theoretical frequency or a

probatility distribution is considered to be more efficient

use of computer time and memory storage requirements than a

canned table look-up procedure.
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Thrcuqhout the simulation, the user will be .-andcuiy

Provided with information ccncerning all of the data bases.
He should have the option to decide at any time to input

additional information, provided the input makes sense.
Additionally, provisions should be provided to simula-e the

failure cf some of the ship sensors, but not sufficient

enough to stop the simulation. An example is simulating
NTDS link failure, but then providing data for manual input.

One final interactive feature that should be provided, is

not allcwing automatic update to the information the user is
manually updating, as opposed to information simply being

accessed. The simulation will terminate whenever all

missiles have been fired, or only unlaunchable missiles

remain. The user may also terminate the simulation at any

time.

one additional feature that might be advisable to add is

a "freeze problem" feature. This would allow the simulation
tc be stopped during the training mode, to allow the cper-

ato_ to evaluate the Froblem. The operator could then resume
the simulation at the same point that it was stopped.

-
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Iv. 0421D RMIGLIGA SELECTIOX

An important step in the model simulation is the selec-

tion of a system design language. it's purpose should be to

show what program units are needed, and what interfaces each
unit reauires. However, by selecting a system design
lanquaqe, no restriction is placed on selecting an alterna-

tive ;roqrawming language for actual implementation.

A. SELECTION GOALS

In selecting a system design language, no assumptions

have been made about the type of computer that will be

selected for inplementation. For the purpose of this

thesis, the selecticn of a system design language will be

kased upcn several necessary qualities for practical soft-
ware enqireering. The primary goal of the design is that

the solution meet the stated specifications. This gcal is
rarely met if the fcllowing software design qualities are
not achieved; modiflability, efficiency, reliability and

understandability. The achievement of these qualities will

enhance tte attainment of a good simulation model as speci-
fied in Chapter 1.

1. Mcdil ab "~1

Although difficult to realize, the ability to easily

modify the the software is vitally important, because at

some point a change in the specifications will become neces-

sary. To effectively change a system, the current design
and code structure must be maintained. If the structure is

maintained by "patching", for example, further modification
effort rises exponentially to nightmare proportions.
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Therefore, the selection of a design language should permit

the introduction of changes without Increasing the

complexity cf the original structure.

Several principles directly support the attainment

of this quality. The first is abstraction. By reducing the

number of details a designer is required to know and under-

stand, at any particular point in tha design, the system

becomes more structured and understandable and thus acre

maintainable. When a structured system has been developed

utilizing modules which are independent of each other, modi-

fications should not radically change the overall structure

of the systpm.

kncther principle which works in conjunction with

modularity is, localization. If modules are created with

loose interconnections and cohesive internal elements, then

the effects of modification can be limited to a seleck set
cf mcdules.

Two other principles also support modifiability;

completeness and ccnfirmability. When both are used

together, the system may be easily decomposed, and therefore

become easily modifiable.

2. Efficiencv

Efficiency evokes the premise that all available

resources will be utilized optimally. In the software sense,

these resources may be distributed between time and space.

Both are cbviously scmewhat dependent upon the underlying

hardware. The final design, in this case, must be amenable

to real time events, in order to allow some sense of realism

when compared to the actual system. For the actual design

of this simulation, space resources should not impose diffi-

culties since implementation is to be made on a large

comuter system.
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Teprinciples vhc otclosely support this

qua ity include completeness and confi mab lity.
Completness ensures that all important elements are

present, permitting fine-tuning of a low-level implementa-
tion without affecting higher level modules. Confirmability

then allows for testing the "improvements" of this find-

tuning, to ensure that the system actually achieves the

stated goals of the specifications.

3. Reliability

Reliability is a crucial quality for the HWS system.

It is not a quality which can be built in after design is

accomplished; it must be instituted from the beginning. In

. the case of the simulation model, if a failure occurs,

degradation should occur gracefully, and not allow fatal

*- side effects. If monitoring of simulated ship sensors is

taking place automatically, the loss of one sensor should

not necessarily cause the simulation to fail. In this case,

manual inputs could be encouraged through exception

handlinq.

All of the principles already discussed which

support modifiability and efficiency also apply to reli-

* ability, but for somewhat different reasons. By applying

abstraction, and the additional principle of infcrmation

hiding, cnly logical operations may be accomplished at any

• particular level. Similarly, if modularity and localization

have been applied in some purposeful manner, then there will

be limited interface between the systems modules, further

enhancing reliability through reduced complexity.

In producing the model translation, understand-

ability is probably one of the most desirable qualities. It

serves in managing tke intricacies of software systems, by
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acting as a interlink between a problem definition and an

aDpropriate solution. Understanability is, therefcre,

fundamental to the other qualities of modifiability, .ffi-

ciency and reliability.

Every principle discussed thus far also supports

understandability. Abstraction extracts essential details,

while infcrmticn hiding supFresses how they are imple-

mented. Modularity and localization then places these

details into some well structured design. Then with another

principle of uniformity, all similar structures will be of

the same logical design. Then with completeness and

confirmability, all the necessary information will be

present to understand the system.

B. RDA OVERVIEW

Before specifying Ada as the model design language, an

overview of the language is needed to see if it will meet
the selection criteria. Part of the criteria set forth by
the Ada designers was, program maintainability, program

reliability, afficiency, and consideration of programming as
a human activity. If, in fact, these criteria have been
achieved, then at least on the surface, the design criteria
has already been met. However, a quick look at the structure

of an Ada program might prove to be a better indicatcr.
Ada is an extremely large language. It's purpose is to

be able to respond to important programming issues in prac-

tical, real world systems. To facilitate ease of use, an Ada
proqram consists of cne or more units, where each unit can

be compiled separately. To abstract further, each unit may
be composed of any ccbination of subprograms, tasks and
packaqes.
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1. Surttr as

Sub'programs in Ada, like other languages, arc- pa-am-

eterized units of programming. It may be a procedure or

function, and it defines a single action. Functions are
utilized as components of an expression, and thsrefore

return some result. Procedures, on the other hand, are

called by statements, and return no results. these compo-

nents seem readily relegated to performing fairly specific

duties, such as computing the Uncsrtainity Ellipse at the

lowest level of the simulation model. The subprogram unit

readily supports the principles of modularity, abstraction,

localization and information hiding.

2. Tasks

The task defines scme action that is logically

executed in parallel with other tasks. It can be visualized

as independent but concurrent operations of program units.

This would therefore allow implementation on a multipro-

cessor, a single processor, or a network of processors.

This gives Ada the added attribute of flexibility. With the

ability tc conduct parallel action, the task structure would
be quite amenable to accessing and updating data bases in

the simulation model, and for obtaining updates from simu-

lated ship sensors.
.'3. £ _c kag _!_
.13.

Packages are components of a program unit which

allow for encapsulation of other components which are lcgic-
all,* related. This includes data types, data objects,

subproqrams, tasks, and even other packages. This allows for
the expression and enforcement of a logical abstraction.

Packaqes further support the principle of information

hiding. Only the information necessary for the user to
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utilize the package is presented. The body or implementa-

tion is hidden from the user since he has no need to know

how the package is constructed.

4.4. Cther Ada F2atures

There are several other items in Ada that tend to

encourage selection cf Ada as the simulation model design

lan.quage. The first is the exception handling capability. If

an error (e.g., divide by zerc, buffer overflow) or failure

(e.. , peripheral fails), processing should still continue

even at reduced capability. Ada permits user defined excep-

tions, as well as some predefined exception conditions. The

exception handler would be ideal for describing situations

where simulated ships sensors simulate failure conditions.

The generic program unit is another positive feature

for selecting Ada. With this tool, an algorithm can be

written to perform the same operation, but on different data

types. This feature would be useful for describing situ-

ations where single, or even multiple, fields of differsnt

data bases are updated.

Globally assigned variables are also provided by

Ada. This would be useful in identifying the current state,

for menu display purpcses, for all modules in the program.

However, if needed, packages could localize the effects of

these variables. It is doubtful that many global variables

would be needed for this simulation, but the option is
available. However, extensive use of globally assigned

variables is considered poor programming practice.

A final feature is the CLOCK facility. Most program-
*inq languages require access to the operating system to

obtain time services, but Ada has provided an avenue to

cbtain tiee informaticn without defaulting to the operating

system. Since the simulaticn will require the services of a
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real time clock, this facility wculd lead to a more undrer-

standable simulation design.

C. ADA AS TH SYSTEM DESIGN LANGUAGE

It is apparent that Ada holds all those qualities needed

in desiqning a system. Therefore, Ada is recommended as the

system design language.

Reference 3 established a structure for the prcgram

design as depicted in Figure 4.1. In presenting this struc-

tur, twc modifications were made. First, the Launcher

Missile Status was moved under the Update Module, to accom-

modate grouping of similar tasks. Secondly, the Threat

Disolay was moved up one level for the same reason. The

overall structure continues to remain the same as that shcwn
in Figures 2.1 through 2.4.

Appendix F presents a generalized, top-down type

aproach in converting to a system design language. It's
Purpose is to give a rough presentation of several of the

structure modules of figure 4.1. Although the semantics have

not been checked, the syntax has been verified. This laycut
should assist in the actual conversion from the specifica-

tions to the system design language.
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V. COC.UXj§.* AND BECOMBENDATIONS

In developing a design for a simulation model, i, is

often easy to loose track of the original problem. This

thesis has attempted to establish a design to validate the

s-ecificaticns for the HSCLCS update, identify problem areas
and necessary changes to thcse specifications. This design

should ultimately lead to a verification of the system

requirements.

to Although the intended purpose of the simulation is not

to create a prototype of the HSCLCS, it can be used to

develop such a prototype and, in addition, if properly

designed, be used as a valuable training device. This

traininq can be applied as a method of providing access to

the type cf information an operator can expect to encounter,

cr v=ovide a reasonable facsimile of a real time HAEPCON

enqaqement.

In developing this design, several items appeared to be
the most si4nificant. First was the decision as tc whether

the nrotlem could best be sclved by a simulation. Reference

3 provided an analysis to help make this decision in the

affirative. Next, was the issue of narrowing down the
tcundaries of the real system which should be simulated. As

the model design progresses, the need to modify these deci-
sions will undoubtedly be required. This will entail

removing some items, since normally most designers tend to

incorporate too much vice too little. This design will

surely support this conclusion.
The model specification was another important issue that

this thesis had to resolve. To this end, several concepts

proved themselves invaluable. The first was abstraction.
This allowed the identification of those features of the
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real system which were essential in the model. Then, by

utilizina the concept of modularity, each primary feature

was specified independent of the specifications of any

cthers.

A final idea that was utilized at the model specifica-

tion stage, was to avcid restricting the implementor. If the

secification contains to much detail, an undue burden may

be Dlaced on the actual implementation. This can produce a

model that does not accurately reflect the system it is

intended tc represent.

1. RCOIBUMD; FOLLC,-ON WORK

.:,: The author recommends exploring the following areas in

further support of the HSCLCS improvement and simulation

mcdel desigr methodology:
% Research and develop the algorithm for the uncertainity

ellipse to support the HSCLCS simulation model.

- Research and develop the algorithm for the probability
of acquisition tc support the HSCLCS simulation model.
Develop a graphics package in support of the HSCLCS

simulaticn model.

Investigate different computer systems for implementa-

tion of a final design.

%- Convert the simulation model design into the System

Desion language using Appendix F as a guide.

- Research whether of aspects in this simulation which

*. might be transferable to simulation model development of

-. other cruise missiles and their follow-ons.

- Study the feasibility of utilizing Ada as the program

design language, in addition to the system design

". language, for the HSCLCS simulation model.
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GLOSS&R!

NData Ease A file of interrelated data stored together
to serve cne or more applications and that remains indepen-

dent cf programs using the data.

Data structure - Dictates -zhe organization, methods of

access, degree of associativity and procassing alternatives

for information.

Embedded Sxslte Er~q~ - A computer program that is

part cf scue larger entity and essential to the operaticns

of that system. For example, the timer on a washing machine

or the guidance system in a missile may have computer

proqrams which are ccnsidered to be embedded.

Function - Name given to one or more statements that

perform a specific task. Results in a value being assigned
to Jit6s name upon execution of that specific function.

informa~tion Hidin~g - Specification and design of modules

V sc that infcrmation (procedure and data) contained within a

module are inaccessible to other modules that have no need

to know the information.

Interface - Communications between modules governed by a

set of assumptions one module makes about another.

moduile - A seperately addressable element with a single

coherent Furpose.

mfodular Dvsiqgn - A logical partitioning of software into

elements that perform specific functions or subfunctions.
Novy TAjticg_ Dat jystem - k communications link

between dif ferent platforms (e.g., surface ships and
aircraft, submarines and surface ships) . Real time informa-
Ktion is passed via this communication link.
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Package - A program unit specifying a collectio! of

related entities such as constants, variables, types, and

sub roqrams. The visible part of the package contains the

entities that may be used frcm outside the package. The

private part of the package contains structural details that

a-e irrelevant to the user of the package but that complete

the specification of the visible entities. The package body

contains the iipleuentation of the subprograms or task

"- [ossibly other packages) specified in the visible part.

Packaging - Alludes to the techniques used to assemble

software for specific p-ocessing environment or to ship

software to a remote location.

Probatility _f _S isi._icn - Calculated probability of

seek-hesad acquisition of intended target -based upon informa-

tion available.

Subordinate Module- A module controlled by another

module.

Sgbgrcgram - An executable program unit, possibly with

parameters for communication with its point of call. A

subprogram declaraticn specifies the name of the subprogram

and its parameters; a subprogram body specifies its execu-

tion. A subprogram may be a procedure, which performs an

action, or a function, which returns a result.

System - a collection of elements related in a way that

allows accomplishment of some tangible objective.

Task - A program unit that may operate in parallel with

cther prcgram units. A task specification establishes the

name of the task and the names and parameters of its

entries; a task body defines its execution. A task type is

a suecification that permits the subsequent declaration of

any number of similar tasks. A task is said to depend upon

the unit in which it is declared (subprogram body, task

body, or a library package body). A unit is not left until

all dependent tasks are terminated. A task is completed if
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i.t is waiting at the end of its body for amy dependent tasks

cr is akcrted but nct yet terminated. A completed task

cannot be called. A terminated task is, in a serse, the

same as a dead task in that it is no longer active.

Uncertainty A1_pse - A probability associated with a

track (or target) that its position is within a given

qeoqraphical location.
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ACECUTBS AND IBBRBVIATIONS

BIT - Built In Test

BOL - Bearing Cnly Launch

•BRG - Bearing

CHL - cinnister Missile Launcher

CPU - Central Processing Unit

DC U - Data Conversion Unit

.PC - Data Processor Computer

GDS - Graphics Eisplay System

HCC - HIRPCON Ccntrol Console

PSCLCS - HARPCON Shipboard Command-Launch Control Set

BUS - HARPCON Weapons System

NTDS - Naval Tactical Data System

OLS - On-Line-Sizing

RAN - Randcm Access Memory

HBL - Range and Bearing Launch

PVSH - Royal Navy Sublaunched HARPOON

STOT - Simultanecus Time-on-Target

UV-EPROH - Ultra-Viclet Eraseable Programmable Read-Only

1.30ory

CIP - Weapon Ccntrol-Indicator Panel
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UCS - Veapons Ccntrol System

ZULU - Greenwich mean Time

%Ie
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AP P ERDIX !9

HSCLCS ENGAGEMENT PLAINING/OPERATION&L EMPLOYMENT FUNCTIONS

9zerational D . aZnfq oatio n equirement

B.asgje Design Gol_

la. Surface Contdct Pcsition 10 20(min)

(ranqe/hearing)

The use of brarirg line in

addition to the lh requirement

reduces the number of displayed

surface contacts ty two per

bearing line.

-Desiqnated Target X

Target Category and Classifi-

caticn Displayed.
-Unintended Target (s) I

Target Category and Classifi-

cation Visplayed.

lb. Surface Contact/Bearing Line 1 3(in)

2. Own Ship Position X

3. Air Ccntact Position 1 3(min)

4. 3rd Party Targeting Data Source 2 3(min)

Desiqnation

VCIP shall resolve target rosition
based on range and bearing input
from 3rd party or bearing lines
from 3rd parties or own ship.

-Manual Entry of Bearing Lines X

-anual Entry of Sange and Bearing X

5. Target Classification
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-Large (default) X

Larqsr than a patrol boat.

-Small X

Patrol boat or smaller.

6. Ccntact/Track Course Direction

Indicator

Prcgram automatically compensates

for on ship's motion.

-Directicn Indicatcr X

-Dead Beckoning (Cwn Ship Only) X

7. Contact/Track Targeting Data Source

-Manual Input X

with appropriate data source error;

includes 3rd party.

-Automatic Input

-NTDS X

-BA£R X

-SONIR X
-EV/ESN x

-Taraet Designaticn System X

8. Vind Farameters (relative)

-Speed

-Actual X
Manual input.

-Default value X

-Directicn

-Actual I

Manual input.

-Default value X

9. Temperature
-Actual X

manual input.

-Default value I
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10. Pzecipitation

-Yes x
Manual input.

-No (default value) X

11. Operator Cues/Lockouts

-launch Inhibited (lockouts/cue) X
All launch inhibits except roll/
pitch cutout.

-missile Ready (cue) X
-Data Age (cue) X
Tarqet and envircrmental data.

-Missile Launch Status (cue)
-Cell/Rail Empty (missile away) X
-Missile Dud Declaraticn X

-Nov Contact/Track to be Input (cue) X

4 -Illegal Action (lockout/cue) X

12. Time/Clock

-ZULU Time X
Start clock: lutcatic entry via

NTDS Interface and/or manual entry.
-Time on Target I

Manual entry.
-Time cf Launch X
Computation.

-Ccuntdown X
Includes Time-to-Pire and
Time-tc-Impact.

13. Loadout Status/Missile Variant

Identification
-Baseline/Block I Tactical Missile I

(RG-84 4)
-Royal Navy Submarine HARPOON X

(EGM-848)
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,hen reconfigured for surface

launch.

-Block IE Tactical Missile X

(RGM-84C)

-Block IC Tactical Missile X

(BG N-84 D)

-Supplemental Identification X

(manual entry: info from loadout

lcgbocks of hybrid/nonstandard

seeker-MGU combinations).

-Training All-Up Bound (RTM-84A/C/D X

and RNSH)

14. Missile In-Flight Tracks X

15. Up tc 180 degree Cff-Azis Launch x

Oerational Selecq2tj.2

1. Reference System

-True Target Bearing/Relative Target X

Range

Tcp cf display is north.

-N TDS Grid x

-Geographic (latitude & longitude) X

2. Planned Missile Flight Path 3

Software to ensure that no flight WPS

path may be selected which could

result in the acquisition of own

ship.

3. Search Bode Selection

-On Line Sizing (default) v/Manual I

override

On Line Sizing shall be automat-

ically selected if RBL or BOL are

b-_4
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not selected.

-Rangqe and Bearing Launch (BL) X

RBL pattern size shall be a

function of total flight path

(range traveled to target).

-Bearirg Only Launch (BOL) X

4. Selectahle Search Pattern Expansion

(0 - 360 degrees)

For RGM-84D rissile only, applies

to RBL mode and On-Line-Sizing
(CLS) which results in an RBL

search pattern.

-Normal Center Expansion X

For RGM-84A/BGI-E4B/RGf-84C

missiles; default for RGH-84D
missile.

5. Enable and Destruct Ranges BOL

Default values or manual entry

(ranges not supplied over NTDS

interface).

6. High Altitude Hold

RGB-84D only.

-Vc Entry; Default X

The High Altitude Hold default

ranqge nct to interfere vith search

initiation and not to exceed lonm;

i.e., High Altitude Hold range is

set to the minimum of iOne or range

to search initiation.

-lanual Entry X

The selected High Altitude gold

range must be less than the range

to search initiation.

65

S ''",, -.' .% -' ." ."" " '' ' ' ..-. . .,. -' ',- -.'--'.-'-., '--'- . V " ""-



* t ,. . . . . . . .. . . . . . . .. . . + -

7. Presearcb Fly-Out

-Sea Skim (RGH-84D only) X
Default mode - Presearch Fly-Out Is

set to sea skim altitude followin-g

the Hiqh Altitude Hold.

-Manual Entry X

Presearch Fly-Out at normal HARPOON

run-in altitude as used in cur-ent

.SCLCS.

8. Termital Attack Eode (RGM-84D only)

-Sea Skim (default) x

-Pop-up X

Default cverride by manual selec-

tion cf pop-up, "SMALL TARGET"

designation by NTES, or whenb..

"SMALL TARGET" is entered manually.

9. Missile Assignment for Pngagement

Planning X

Manual entry.

10. Multi-Missile Engagement cf 4 8

Designated Target.

-, Baseline: Up to 4 missiles frcm a

single launcher. (Note: Single
S launcher includes TARTAR and

ASROC). Design Gcal: Up to 8
missiles from 2 CHL's.

-Salvc Missiles Against One Target x

For Simultaneous arrival (STOT

Salvo).

operator-planned engagement.

-Salvo Against Up to Four Targets X

(single airpoint) From One Lauacher

For Simultaneous Arrival (STOT
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Salve).

Same ampoint and a different RBL

search expansion for each RGM-84D

missile in order to distribute

salvoed missiles among the targets

in a formation.

-Ripple Salvo as per current HSCLCS X

CHL Configuration.

-Quick Reaction/Preprogrammed STOT X

Salvo.

Mcdified HSCLCS automatically will

calculate and enter a different

waypcint for each RGM-84D missile

in a quick reaction salvo for

simultaneous time-on-target (STOT).

11. Background data and sector data X

request.

Usable with NTDS interface only.

ENGAGEEENT DISPLIYS

1. Contact/Track Uncertainity Ellipsa

-Designated Surface Target X

*" -Unintended Targets I

If selected by operator.

2. Predicted Time-or-Target X

3. Probability of Acquisit ion
Numerical value.

-Designated Targets

-Unintended Targets I

If selected by operator.

4. Seeker Search Pattern Outline X

6 For selected search mode.
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5. Missile Flight Path I

For all selected missiles.

6. Booster Drop Zone X

7. missile Power ApFlicaticn Warning X

OTHER 

1. Test/Maintenance

-Missile BIT Results

-Go/Nc-Go Indication X
-Failure Status Code X

-HSCLCS BIT Results

-Go/No-Go Indication X

-Failure Status Ccde X

2. Training node

Inherent capability provided by
system design. Design to utilize

data from NTDS and/or external
training support devices via an RS

232 serial interface.
-Contact/Track Location (actual or

simulated).

-Cff Board Source/NTDS X
-Own Ship Sensors/NTDS X

-Manual Input X

-Own Ship Position (actual or simul- I
ated).

-Training Scenario Parameters

-Environmental Ccnditions X

-Operational Planning Selections X

3. Data Extract

Desiqn to be compatible with ai. RS

232 serial interface to provide for
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data storage/display in off-line

devices (e.g., tape cassette recor-

der) .

-Tarqet/Targeting Eata X

-Missile initialization Data x

-BIT Results x

4. Major Display Features

-Variable Range Scale x

16K-, 32K-, 64K-, 128K-, 192K-, or

256K-yard radius. The 256K-yard is

the default scale.

-Offset X

-Zcom X

8K-, 16K- or 32K-yard radius.

-Special Symbols X

-Cursor, with Bearing/Range readout I
manually controlled.
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DATA BASE DESCRIPTIONS

This appendix contains the data base descriptions to bg

used in the simulation model. These da-ta bases include:

1. Environmental Data Base

2. Launcher and Missile Status Data Base

3. Menu/State Data Base

4. Ship Parameter Data Base

5. Threat Data Base

6. Enqagement Data Base

-, 7. Track Data Base

-N
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1. Data Base Name: ENVIRONMENTAL DATA BASE

2. Puroose: This data base contains the current s-al-s of

weather; visibility, sea state, winds, rain,

et c.

3. Data Base Users:

a. Wr4te Access: Environment Data Base Manager

b. Read Access: Environment Display

. Plan Engagement

4. Data Base Elements: Visibility

Sea state

Wind-direction and speed

Relative Humitity

Te m pe rat ure

Barometric Pressure

Precipitation

5. Operation on Data Base: Update (manual or automatic)

- Add

- Delete

- Change all elements

Display

.-
7
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1. Data Base Name: LAUNCHER AND MISSILE STATUS DATA BASE

2. Puroose: This data base will keep track of the number

and type of missiles available for launch.

The data base will be updated by feedback from

the launcher.

3. Data Base Users:

a. write Access: Launcher Missile Status

b. Read Access: Launcher Missile Assignment

Plan Engagement

Launcher Missile Status Display

4. Data Ease Elements: Launcher Number

Cannister Number

missile type

Launch Inhibit

5. Operations on Data Base: Update - Add
- Delete

- Change all elements

Display
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1. Data Base Name: MENU/STATE DATA BASE

2. Purnose: This data base will contain the menus for
prcgram operation and also provide the states

allowable from any operation. Tham is i . will
provide the menus necessary to access all

" aspects of the program.

3. Data Base Users:

a. Vrite Access : None
b. Road Access: Display Module

4. Data Base Elements: Undetermined at this time

5. Operaticns on data Base: Operator can select desired

menu item

i.3
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a 1. Data Bass Name :S HIP PARAETER DATA BASE

2. PurDose: This data base will maintain all pertinent

infcrmation pertaining to one's own ship. The

design allows for this information to be input

manually or automatically.

3. Data Base Users:

a. Write Access: Ship Parameter Data Base Manager

b. Read Access: Update Track

Plan Engagement

Ship Parameter Display

4. Data Base Elements: Course

Speed

Latitude

Longitude
b 5. Operations on Data Base: Update -Changs all elements

Display

..
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1. Data Ease ame: THREAT DATA BASE

2. pur-cse: This data base is to contain a list of hos-ile .

surface vessels by nams and class. Associ-ated

with each class of vessel will be the weapons

platform, ECM capabilities, and optimum

- engagement plan for attacking that vessel.

(The security of this information must be

considered when designing the Threat Display

and Th-eat Data Base Manager modules).

3. Data Base Users:

a. Write Access: Threat Data Base Manager

b. Read Access: Threat Display

Analyze Threat Data

4. Data Base Elements: Ship Name

Nationality

Ship Class

Weapons

ECM Equipment

Engagement Plan Recommended

5. Ope-a.icns on Data Base: . Update - Add

- Delete (Permissicus)

" - Change all Elements

(PerMiss io -s)

.Display
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1. Data Base Name: ENGAGEMENT DATA BASE

2. Purpose : This data base will contain a track name and

associated engagement plans for that track.

The engagement plan may be generated autcmat-

ically by the computer or manually.

3. Data Base Users:

a. Write Access: Calculate Probability of Acquisition

b. Read Access : Engagement Plan Display

4 4. Data Ease Elements: Track name

Type of engagement plan (manual or
an tomatic)

Number of missiles to fire

Sequence of firing missile(s)

Type of missile to use

Flight path
Wa ypoints

5. Cperaticns on data base: Update

Display

,-...
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1. Data Base Name: TRACK DATA BASE

2. Purpose: This data base will contain the pos--:icn of

all tracks and pertinent infcrmation

pertaining to the track.

3. Data Base Users:

a. Vrite Access: Delete Track

Add Track

Course and Speed Update
Bearing, Range and Position Updat

b. Read Access: Display Track Data

Plan Engagement
4. Data Ease Elements: Type track (friend or foe)

Class of vassal

Bearing

Range

Position (lattitude and longitude)

Co urse

Speed

5. Operaticns on Data Base: Update - ada
- delete

- change bearing range

or position

Display
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aCDOLE DESCRIPTIONS

This appendix ccmtains the module descriptions of the

modules shown in- Figure 2.1 though Figure 2.4. These

modules include:

I -0 control
2 - 1 Process Input
3 - 1.1 Ship Paramiter Data Base Manager
4 - 1.2 Environmental Data Base Manager
5 - 1.3 Threat Data Base Manager
6 - 2 Convert Coordinates
7 - 2.1 Tye Track.8-.1.1 De ete T1ra ck

9 - 2.1.2 Update Track
10 .1..1 course and Speed Update
11 ... 2 Bearing, Range, and Position Update
12 1. Add Track
13 3.1 Launcher and M4ssle Assignment
14 3.2 Launcher and Missile Status
15 3.2 Plan Engagement
16- 3.2.1 Plan Engagement Data Base Manager
17 3.2.2 Engagement Data
18 3.2.2.1 Threat Data
19 3.2.3 Probability of Acquisition
20 -3.2.3.1 Uncerta nty Ellipse
21 - Display
22 4.1 MenuD splay
3- .2 Launcher and Missile Sta-us Display
4 -4. 3 Envirormenta. Display

25 - 4.4 Engagement Display
26 - 4.4.1 Threat Dis play
27 - 4.4.2 Automatic ngagement Display
28 - 4.4.2.1 Graphics Display
29 4.4.3 Manual Ingagegent Display
30 - 4.5 Ship Paaameter Display
31 - 4.6 Track Cisplay

'7
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I nodule Name: CONTROL, NUMBER 0

2. module Purpose: The Ccntrol module calls all cthe?:
modules and determines the prcgram

4." flow.

3. Subordinate Modules: Process Input.11)
Launcher Missile Assignment (3.1)
Plan Engagement (3.2)
Display ()

4. Objects Used by the Module: Manual inputs
5. Oeraticus Module Performs: Selection of subordinate

modules to perform program
operation.

1. Mcdule Name: PRCCESS INPUT, NUMBER 1

2. Module Purpose: Selects subordinate module to update
corresponding data bases.

3. Sutordinate Modules: Shiq Parameter Data Buse Manager

I vicnaental Data Base Manager

Sonvert Coordinates (2)
Threat Data Base Manager (1.3)

4. Objects Used by the Module: Manual Inputs to update
modules

5. operations mcdule Performs: Slects ap ropriate subor-dinate mogule to update
-. corresponding data base.

.-"7
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1. Module Name: SHIP PARAMETER DATA BASE MANAGER, NUBER

2. Mcdule turpose: Update the Ship Parameter Data Bas, by
either manual or automatic means.

3. Subordinate Nodules: None

4. Objects Used by the Module: Ship parameter input data

5. Operations module Performs: Update of the Ship
Parameter Data Base.

1. Module Name: ENVIRONMENTAL DATA BASE MANAGER, NUMBER
1.2

2. Nodule Purpose: Update the Environmental Data Base by
either manual or automated means.

3. Subordinate Nodules: None

4. Objects Used by the Module: Environmental input or
update data.

5. Operations Module Performs: Update of the Envircnmental
Data Base.

1. Nodule Name: THREAT DATA BASE MANAGER, NUMBER 1.3

2. Module Purpose: Update the Threat Data Base by either
manual means or through the use of a
standard chip that can be periodically

aupdted and sent to all ships with
SRPOON capability.

3. Subordinate Modules: None
4. Objects Used by the Nodule: Data used to update theThreat Data Base.

5. 5. Operations Module Performs: Update of the Threat Data
Base.

80
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1. Module Name: CONVERT COORDINATES, NUMBER 2

2. Module Purpose: To convert all inputs to update track
data to common coordinates. The ;.p'uts
can be manual, from own ship's track ing.equipmet orfrom a NTD link from
cth"r paforMs.

3. Subordinate Modules: Type Track (2.1)

4. Objlects Used by the Module: Information used to update
the Track Data Base,
bearing, range and posi-
tion.

5. Operations Mcdule Performs: All sources of input for
the Track Data Base are
converted to common coordi-
nates whether they are
manual, NTDS or from
anot her aour ce.

I . Module Name: TYPE TRACK, NUMBER 2.1

2. Module Purpose: Type Track determines if the track is
to be deleted from the database, added
to the database, or some parameters of
a oresent track are to be altered.
Thebe actions are performed by
selecting the appropriate subordinate
zod ule.

3. Subordinate Modules: Delete Track (2.11)
U•date Track 12.1.2)
A d Track (2. 1.3)

4. Objects Used by the Module: Clissification of type
urate to be performeg;"a&d i ji , ,dele cn _ Oi
a1 teraton o te TrackData Base.

5. Operations Module Performs: Selection of delete,
update, or add track subor-
dinate modules based on
track type.
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1. Module Name: DELETE TRACK, NUMBER 2.1.1

2. Module purpose: To eliminate :racks from the data base
that the oparator a.etermines ar no
longer useful.

3. Sukordinate Modules: None

4. Objects Used by the Module: None

5. Operaticns Mcdule Performs: Trick identified to the
Delete Track module is
removed from the Track Data
Base.

.

1. Module Name: UPrATE TRACK, NUMBER 2.1.2

2. Module Purpose: !o update the information contained on
tracks in the Track Data Base.

3. Subordinate modules: Course and Speed (2.1.2. )
Bearing and Range 1.2.2)

4. OtJectS Used by the Module: Biparing and range from a
fxead pont.
Elapse- time.
Own ship course and spe-d.
Target course and speed.

5. Operations Mcdule Performs: Det-rmines which subcrdi-
nate module is to be called
to perform the desired
update.
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1. Module Name: COUBSE ANE SPEED UPDA.TE, NUMBER 2.1.2.1

2. Module Purpose: T? update the course and speed infcrma-
t C oneach track contained in -the

Track Data Base.

3. Sutordinate Modules: Ncne

4. objects Used by the Module: 0! ship cqurse and spe-ed.
El pse t.ime.
Bear in g and range from a
fixed point.
NTDS link information.

5. operations Module Performs: Determines ccurse and speed
of t:acks based on
bea in g/'range and ellapsed
time v en entered manually
and up dates Track Data
Base. With auto mated track
information a va ilabls

egNTDS) module updates
4rackr Data Base witbhe
givan course and speed.

1. Module Nae: BEhEING RANGE, AND POSITION UPDATE,
NUMBER 1.2

2. Module Purpose: To update the bearing/:pan qe and posi-
tion (Latitude and Longitude) in for ma-
t ion on each track contained in the

- !rack Data Base.

3. subordinate Modules: None

4i. Otlects Used by the Module: owin ship sensor informa-
tion.
NTDS link informati-on

5. Operations Module Performs: Det ermines bearing/range
and position of tracts
based on own ship sensgr
informationi and own ship
position, when entereg
manually and updates Track
Data Base. W ith automated
track information available

(eg. NTDS) module updates
T;ac2 Data Base w ith the
given. bearing/range and
posi tion.
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1. Module Name: ADD TRACK, NUMBER 2.1.3
2. Module Purpose: To allcw new tracks to be inpu-: into

the Track Data Base.
3. Subordinate Modules: None

4. Objects Used by the Nodule: Course, spged, bearing,
range, position, identf0i-
cat-on of track (friend or
foe and ship class).

5. Operaticns Mcdule Performs: Permits the addition of new
tracks into the Track DataBase.

1. Nodule Name: LAUNCHER MISSILE ASSIGNMENT, NUMBER 3.1

2. Module Purpose: Allow the operator to bypass the
engagement planning capabilities of the
computer system and simply select and
launch the desired missiles.

3. Subordinate Modules: Launcher and Missile Status
4. Objects Used by +the Nodule: I luts froq operator iden-

tiyLng which launcher and
missiles to be fired in
which bearinq, range andwaypoints if desired.

5. Operations Module Performs: The Launcher Missile
Assignment module allows
the operator to manually
selact a launcher an
missila to be fire, in a
iven direction simlar to
She presant capabilities of

the H&ARPOON Weapons System.
The iutomatqd enga ement
planning functions o? this
program are bypassed.
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1. Module Name: LAUNCHER AND MISSILE STATUS, NUMBEF 3.1.2

2. Mcdule Purpose: Jo provide current informa+*icn on what
aunchers (port and starboard) are

ready to fire and which and what type
missiles are ready for firing.

3. Sutordinate Modules: Ncne

V 4. objects Used by the Module: Which launchers (port and
starboard) are ready to
ftre. Which and what type
missiles are ready £or
firing.

5. Operaticns Mcdule Performs: The Launcher and Mis~ile
Status module receives
automated inputs from each
launcher on the status and
type of all missiles. This
information is used to
upda te the Launcher and
Missile Status Data Base.
When queried by e tther he
Laun ch er and Missile
Assignmant module or the
Engagement Data m~dul , the
Launcher and Missile Szatus
module can return the
status of launchers and
missiles.

'85
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1. module Name: PLAN ENGAGEMENT, NUMBER 3.2

2. module Purpose: To determine the optimum engagement
plan for a given target.

3. Subordinate Modules: Plan Engagement Data Base Manager
ngagement Data (3.?.

4' Probability of Acquis;ion (3.2.3)
4. Otjects Used by the Module: Which track to plan the

engagement for.

5. Operations Mcdule Performs: The Plan Engagement module
is the heart of this soft-
ware program. This module

" * dete-mines an optimum
engagement plan for desired
targats. The targets that
have an engagement plan
c9mputed can be identified
either by a selective
manual input or can be
automatically generated for
all contacts that are clas-
sified hostile (This latter
process would require a
slight modification to the
des_ gn an input .o the
Plan Engageme nt must be
received from the type
t ack module). Through
access to the Threat Da a
Base, Launcher issile
status pata Base . the
optimum plan for engaging a
selected target can be
computed. Tbe functions
per ormed by this mcdule
can greatly assist the
Tactical Action Officer in
the, performance of his
dut ies.
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1. odule Name: 3LA2 EGAGEMENT DATA BASE MANAGER, NUMBER

2. Nodule Purpose: To update the Engagement Plan Data
Ease.

3. Sukordinate odules: Ncne

4. objects Used by the Mcdule: Engagement plan as gener-
ated by the Engagement Plan
Hodule.

5. Operations Mcdule Performs: The Plan Engagement Data
Base Manager enters all
engagement plans that the
Plan Engagement acdule
-enerates into a Plan

EnggemntData Base. This
way a list of the enga e-
ment plans for all appi-
cable. targets is Kept
current in a data base.

1. Module Name: ENGAGEMENT DATA, NUMBER 3.2.2

2. odule Purpose: The Engagement Data module supplies the
data needed by the Plan Engagement
zodule to generate the Engagement Plan.

3. Subordinate lodules: Launcher and missile Status-:.,.1 3 .1 .2 )
T-hreat Data (3.2.2. 1)

4. OtJects Used by the Module: Which launcher and missiles
are ready.to fire.
All erzinent information
on hosti.le ship class
weapons. ECN equipment an&
best strategy for attack
con. ined in the Threat
Data Base.

5. Operations Nodule Performs: The Engagement Data module
coordinates the passingof

%% all data base information
needed to generate an
engagement plan to the Plan
Engagement module. In this
desigl, t hat informatien is
contained in the Launcher
and ,1issile Status module
and the Threat Data module.
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1. Mcdule Name: THREAT DATA, NUMBER 3.2.2.1

2. Module Purpose: To provide the infcrmation contained in
the Threat Data module -o the
Engagement Data module when requested.

3. Sukordinate Modules: Ncne

4. Objects Used by the Module: All elements contained in
the Threat Data Base, shir
class, weapons, platform*
ECK capabi. ity and best
plan for attac .

5. Operaticns Hcdule Performs: The Threat Data module
rovides the Engagement
lin module with all of the
information, that is
contained in the Threat
Data Base. This infcrua-
tion is then used to deter-
mine the optimum engagement
plan.

4. 88
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1. Module Name: PROBABILITY OF ACQUISITION, NUMBER 3.2.3

2. Module Purpose: Toa delermine Whqt the probabli-ty- is
t.ha if a missile is launched 'at a
given tarq t that the missile can
acquire and hit that target.

3. Subordinate Modules: Uncertainty Ellips - (3.2.3.1)

4. Obj-.cts Used by the Module: The figre gee;atsd by the
Uncerrtlnt Eltlse moule.
Type missile to be launched
and search pattern.
Ty , target T;o be attacked
4na its physical charac-te;-
Istics and ECM capabili-
ties.

5. Operations flcdule Performs: The Probability of
Acquisition module uses the
type missile fired, rangeto ta;get, and target char-
acteristics to ienerate the
probability 4at the
missile can acquire and hit
the given target. This
information along with the
value obtained from the
Uncerain:ty Ellipse module
is then passed to the Plan
Engagement module where
they become elements of the
enga ement plan maintained
in t9e Engagement Plan Data
Base.
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1. Module Name: ONCERTAINTY ELLIPSE, NUMBER 3.2.3. 1

2. Module Purpose: To determine the probability -that a
" .ven issils, or set of MiSs1 =s
fired at a spacific target will sink
that target.

3. Subordinate Modules: None

4. Okiects Used by the Module: Number of missiles to be
fired.
Probability of acquisition
of the target.
Lethal capability of
missiles fired.

5. Operaticns Mcdule Performs: The Uncertainty Ellipse
module takes the number and
capa b lities of missiles
fired and combines these
values with the probability
of acquisition to gene-rate

vthe probability of a target
4 kill. The Uncertainty

Ellipse module can generate
ellipses with assigned

? robabilities stating that
total destruction of theasrget will occu if it is

wit in one ellipse, 50%
disability of the tar get
-will occur if it is wit in
a second elli pse, etc.
These ellipses will account
for the fact that hostile
target positions may nct be
completely accurate.
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1. Module Name: DISPLAY, NUMBER 4

2. Modula Purpose: To call subordinate modules as neces-
sary to generate required displays.

3. Subordinate Modules: Menu Display 4.1)
Launcher an 1 Mssile StatusDisplay (4. 2)E nvironmental Displal (4.3)Engagement Display ( .4Ship Parameter DiAplay )(4.5)
Track Display (4.6f

4. Objects Used by the Module: Display requests.

5. Operaticns Module Performs: The Display module calls
the requied modules to
generate display as neces-
sary.

1. Module Name: ME1U DISPLAY, NUMBER 4.1

2. module Purpose: To access the Menu/State Data Base and
display the required menu when called
and keop track of the state of the
Srogra m.

3. Subordinate Modules: None
4. Otjects Used by the Module: Information contained in

the Menu/State Data Base.

5. Operations Mcdule Performs: Tte Menu Display module
will access the Repu/State
Data Base and provide the
necessary menu for display
when prompted by the
Display module. Tbe Menu
Display module will also
keep track of the state of
the program, that is what
menus can be displayed
iven that the stae 

oz he

grogram exists now with a
urent menu.
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1. Module Name: LAUNCHER AND MISSILE STATUS DISPLAY,
NUMBER 4. 2

2. Module Purpose: To access the Launcher and Missile
Status Data Base and provide a display
of the information contained in -hat
data base.

3. Subordinate modules: None

4. OtJects Used by the Module: Information containeq in
the Launcher and Missile
Status Data Base.

5. Operations Module Performs: The Launcher and Missile
Status Display module will
display the information
contained in the Launcher
and Missile Status Data
Base when prompted by the
Display module.

1. Mcdule Name: ENVIRONMENTAL DISPLAY, NUMBER 4.3

2. Mcdule Purpose: To access the Environmuntal Data Base
and provide a display of the informa-
tion ccntained in that data base.

3. Subordinate modules: None

4. 6tjects Used by the Module: Information contained in
the Environmental Data
Base.

5. Operations Module Performs: The Environments Display
module will dis lay the
information conta!ned in
the Environmental Data Base
when pr -)ped by the
Display module.
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1. Module Name: ENGAGEMENT DISPLAY, NUMBER 14.4

2. module Furpose: To graph.ca1y display the flight ath
cf missiles -hat are to be flcwn
aqainst a set tar et. Threat data on
tne target wi.l anls9 be displayad. The
enqaqe sent play will have t a capa-
bility to e superimposed cve: he
general track display.

3. Subordinate Modules: Threat pisplay (4.4.1)
Automatic Engagement (4.4.2)
Manual Engagement (4. 4.3)

4. Objects Used by the Nodule: T~reat Data Base informa-
tion.
Engagement Plan Data Base
i Anormalon.
Manual inputs for an
engagement plan.

5. Operations Nodule Performs: The Engagement Display
module calls upon su~bordi-nate modules to provide the
operator a display of the
com ut er generated engage-
ain plan constructed by
the operator. In both
cases, the threat data
ertinent to the displayed
arget can also be shown.
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1. Module Name: THUAT DISPLAY, NUMBER 4.4.1

2. Module Purpose: 'o 4gcess the Threat Data Base and
protge .a disp ay of the infc-ma-:.on
contained in tnat data base.

N 3. Subordinate Nodules: None

4. Otjects Used by the Module: The information contained
in the Threat Data Base.

5. operations Mcdule Performs: The Th;eat Display nodule
v411 display the informa-
..or con atned in the
Threat Data Base when
pompted by the Engagement
Display module.

I. McdulI Bame: AUTCMATIC ENGAGEMENT DISPLAY, NUMBER 4.4.2

2. Hcdule PurpoSe: To gra hically display the engagement
. lan that was generated by the Plan
Engagement module and stored in the
Engagement Plan Data Base.

3. Sukordinate Modules: G raphics Display (4.4.2.1)

4. Objects Used by the Module: Information contained in
the Engagement Plan Data

... oBase.

5. Operaticns fcdal-e Performs: The automatic Engagement
Display module provides a
graphical representation of
thne ment representa-ton o0 he enaagerkent plan

as contained in the
Enfagement Plan Data Base.
All missile trajectcries
and waypoints will be
depicted with associated
missile fire times and
arr 4ve over the target
time. The uncertainity
ellioses will also be
gene ated along with the
probability of acquisition
of the target.
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1. Module Name: GRAPHICS CISPLAY, NUMBER 4.4.2.1

2. Module Purpose: To prov4de graphics capabilities to the
Automatic Engagement Display module and
the Manual Engagement Di-play mcdule.

. 3. Subordinate Modules: None

4. Objects Used by the Module: Engagement Plan Data Base

Manually input engagement
plan.

5. Operaticns Module Performs: The Graphics Display module
provide- the graphics ca a-
-ilities necessary to the
Automatic Manual Engagement
Display module to accu-
rately portray their given
engagement plans.

1. Moduls Name: MANUAL ENGAGEMENT DISPLAY, NUMBER 4.4.3

. 2. Module Purpose: To provide the operator the capability
to manually input an engagement plan
for attacking a given target.

3. Subordinate Modules: Graphics Display (4.4.2.1)
4. Objects Used by the Module: Information contained in

the Threat Data Base.

5. Operations Module Performs: The Manual Engagement
Display module allows the
operator to manuall input
his, own engagement plan tor
a iven target. Once this
iagormation is graphically
input to the display, .i
can be transferred To the
Engagement Plan Data Base
where it can be programmed
to the missiles like an
automatically generated
plan.

,°
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I. module Name: SNIP PARAMETERS DISPLAY, NUMBER 4.5

2. module Purvose: To access the Ship Parameter Data Bass
and provid' a ais la of the infcrma-
tion contained in that data base.

3. Subordinate nodules: None

4. Otjects Used by the Module: Information contained in
the Ship Parameter Data
Base.

5. Operations module Performs: The Ship Parameter Display
*odule will display "the
information contained in

A the Ship Parameter Data
Base when prompted by the
Display module.

1. Module Name: TRACK DISPLAY, NUMBER 4.6

2. Nodule Purpose: To access the Track Data Base and
Frovide a continuOus display of all
tracks beings maintained in that data
bask.

3. Subordinate Modules: None

14. Objects Used by the Module: Information contained in
the Track Data Base.

5. Operations Mcdule Performs: The rrack Display module
will continuously display
all tracks maintained in
the Track Data Base. These

" tracks, will be constantly
updated as the Track Data
Bass is pdated. The
symbology an methcd pres-
entation of the tracks
should closely coincide
with NTDS displays.

4.o
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SYSTEM DESIGN USING ADA

J ii package UPDATE is

type WEE LAUNCHERS;
t71e MAISPEED;" LAU VBB : Iteger range l..NER LAUNCHERS;
CAN XBR : Integer range 1.7;-
MISS type : integer range 1..7;~LAU INNI1IT : boolean0
COURSE : integer rarge 0.359
SPIED : inteqer range O..MkAXSEED;tvre LITITUD i record

DEGREES : integer range -90..90;
% MINUTES : integer range 0..60;:SECCRS in:teger range 0.60;

end record-
type LCYGITUbE is recordDEGREES : nteger range -180..180;MIDUTES : Uteger range ..60;

SECCNES : integer range 0.60;
end record;ISIBICITY :integer range 0.30;

SEA STATE cinteger range ..
VISD DIRECTION : integer range 0..359;
SIND SPED : integer range 0.100;
RELATIVE HBIDIT : integer range 0..100;
TEPERATURE : integer range -100..130

BARCHETRIC PRESSURE : integer range 980.1100;,.-.PRICIPI T OT : boolean;
.. HOSTILE MAIM strinq(1.. 12);

SHIP CLASS: strig (I .9. -NATIONALITY stryng~lo.. 6)• . EAPCNS : st4nj(1 .. 0) :BACHEUIPMET : str.i (I
ECGKGEIEPT METHOD : .r 150);
task LAUNCHER MISSILE STAO As'I

entry UPDATl LAU(LAUNCHIR NUMBER : in LAU NBR;CA VISTER 7193BEV : in C'IN NBR;
MISSILE t m : in.MISS We.LAUISCER IIBIT : in -uIiHI BNIT);

end L EUNC y-eISSIE STATUS;
task SHIP PkIANETEF Is

entry UPDATE COUSSE(SHIP COURSE ; in COURSE);entry PDBTE-SPEED SHIPSPRED In SPEED)-en LANC E-LTIT ATSI P_ HIT; in kTITUD )

e ntry OPD&TE-LONGITUD(SIP LONGITUDE : in LONGITDE;end SHIP PARASETER,
task ENVIRCNINT Isentry UPDATE VISIBILITY (VIS : in VISIBLITY)

entry DPDATEL-SAI ST TSEE : in SEA STAT ID
entry UPDATE-OGITDDIR(IIDDIR : in ID DUECTIOT);

entry UPDA T-IND-SPEED(VINDSPD : in WID SPEEDI,*
entry UPDATE-REL_ HU(RELHUM : in RELATIVE-HUMIDITY);
entry UPDTE-TEM ERATURE(TEMP : in TEMPERITURE);
e ntryUPDATl-BAR PRESS(EIRPRESS : inB1C METR IC-PR ESSUREo .

ent.ry UPDkTl-PRECIP(PRCIP : in PRECIPITATION);
end EIVIRCYNEET;t.ask THREAT isentra sDD(HOSTILE : in HOSTILENAME;

NATION in NATIONALITY; -
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SHIP : in SHIP CLASS;
REPS: in WEANS,
EC: in ?CN EQUIPbENT;
HETHCD : in 7NGAGEMENT METHODL*

en9.ry DELETE(HOSTILE : in HOSTI L AkNRE;
NATION : in NATIONALITY);

entry UPDATE CLASS(HOSTILt . in HOSTILE NAME;
NATION . ii NATIONALITY;
SHIP : in SHIP CLASS)-

entry UPDATE REPI(HOSTILE : in HOSTILE-NAME;
UATION i NATIONALITY;VIEPs : In WEIFONS}entry UD EAPT S E ISTILE : in HOSTILE NAME;

5I ION : if UNTIONALITY;
ECK : in ECK EQUIPMENT)

entry UPDATE UITEOD(HOSTILE : In HOSTILENAME;
NATION : is NATIONALITY*
METHOD : in ENGAGEMENTAETHOD);

end THREAT;
end UPDATE-
package be y UPDATE is

task boy LAUNCHER-BISSILESTATUS is
beqin

accep.t UPDATE LAULAUVCHER NUMBER : in LAUNBR;
CANISTER -OMBEI : in CAN HBR;
MISSILE t- : in MISS t y;
LAUNCHER INI IT : in TA I NHIBIT) do

i-- nsert idditlonal body oT UPDATE_LAU
end UPDATELAU*

end LAUNCHER MISSIL! STATUS;
task body SHIPyARANXTER is
beqin

accept UPDATE COURSE (SHIP COURSE : in COURSE) do
- insert addItional body-of UPDATE COURSE
end UPDATE COURSE-
acceot UPOITE SJPEDISHIP SPEED : in SPEED) do

insert addt icnal body of UPDATE-SPEED
end UPDATE SPEED*
acct, UPDITE LjTITUDE(SHIP LATITUDE : in LATITUDE) do

ihsert addittcnal body cY UPDATELATITUDE
end UPDATE LATITUEE;
accept UPDXTELONGITUDE(SHIP_LONGITUDE : in LONGITUDE)
-- insert additional body of UPDATE-LONGITUDE
end UPDATE LONGITUDE;

-insert additional body of task SHIPPARAKETER
end SHIP PAEAMETER
task bodt ENVIRONiN is
begin

acclot UPDATE VISIBILITY(VIS : in VISIBILITY) do
- ihsert addlticnal body of UPDATE VISIBILIT Y

end UPDATE VISIBILITY*
accept UPDITE SEA STATE(SEA : in SEA STATE) do

s- inert additical body cf UPDATE.!EASTATE
end UPDATE SEA STATE.
accept UPD[TE WIND D±R(VINDDIR : in RIND DIRECTICI) do
-- insa.rt addtional body of UPDATEIND-DIR
end UPDATE WIND DIR-
accept UPDOTE RgND SPEED(MINDSPD : in WIND SPEED) dc
- insert a1dtion1l body of UPDATEWINDSPEEDend UPDATE RIND SPEED;
accept UPDT11 RI N H.(RU : in RELATIVE HUMIDITY) dc-- ibsert a ddlt cal body Cf UPDATEREL-HUM
end UPDATE BEL HUN*
accept UPDITI T 1RT TE1P : in TEMPERATURE) do
-- insert addtl cral body cf UPDATETEMPERATURE
end UPDATE TERPEIATURE,
accevt UPDXTE BAR PRES(BARPRESS : in

B A t CHET I C'PR ESSUR E) do
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-- insert additional body of UPDATE BARPRESS
end UPDATE BAR PRESS;
accaot UPOITE PRECIP(PRECIP : in PRECIPITATION) Jo
-- insert addrtional body of UPDATE PRECIP
end UPDATE PRECIP-

-- insert add itionai body of task ENVIRONMENT
end ENVIRONMENT

task body THREAT is
begin
accept ADD(HOSTILE : in HOSTILE N.AME;

NATION ; in NATIONALITY;
SHIP : Ln SHIP CLASS;
NEPS : in VEAPUNS*
ECM : in ECH EQUIbIMlNT;

-- METHOD : in ENGAGEMENT METHOD) do
insert Additional body of ADD

end ADD;
accept DELATE(BCSTILE : in HOSTILENAME;

NATION : in NATIONALITY)
-- insert additional body of DELETE
end DELETE*
acceDt UPDLTE CLASSHOSTILE : in HOSTILEJNAME;

NATION * in-VATIO ALITY;
SHIP : In SHIP CLASS) do

-- insert additional body of UPDATECLASS
end UPDATE CLASS-
accept UPDATE EbS(HOSTIE : in HOSTILE-NAME;

NATION ; in ATIONAITY;
EPS : in EAPONS do

-- insert additional body of UPDATE.3EPS
end UPDATE EPS
accept UPDATE ET(HOSTILE : in HOSTILE-NAME;

SATION : in-ATIONLITY;
ECH : in ECK EQUIPMENT) do

-- insert additional body of UPDATEECT
end UPDATE ECM;
accet UPDITE M1ETHOD (HOSTILE : in HOSTILENAMIE;

VAT I : in-NATION ALITY,
ITHOD : in ENGAGEMENT fiETHOD) do

-isert addtional body of UP DATE-METHOD
a- nd UPDATE ECK;

insert ADDITION body of task THREAT
end THREAT;

begin
-- insert additional body of package UPDATE
ed UPDATE*
package IUTC ENGAGEMENT is

/ type NUB LAUNCHERS;
LAU NBB : integer range 1..NERLAUNCHERS;
CAN'NBR : integer range 1.. 4;
MISSILE type : integer range i..7;
LAU INHI IT: boo1 an;
HOSTILE NINE : stllng(1.. 12);
NATIONALITY : string I
ENGAGEMENT METHOD : ati~l..0

*rocedur§ AUTO ENGAGE(L auNCHERBR : in LAU NBR;
CANNISTER NB : in CAN NE;
MISS type: in 5ISS LE pe;
HOSTrI~E: in HCSTILE NIMh;
NATION : in NATIONALTITY
METHOD : out INGAGEMRN_ METHOD);

Drocedure PROB ACSUISITIONIMETHOD : in out
ENGAGEMENT METO D)i

;roc~dure UNCERTAI ITTELLIPSE(METHOD : in out
ENGAGEMENT METHOD) ;

end AUTO EUGAGE1INT*
package body AUTO ENGAGEMENT is

procedure AUTO ZNG JGE(LAUU1CH!RBR : in LAUNBR;
CAINNISTER.NBR : In CANNBR;

99

Ny --g. . . . . ... ...'. . . .. . .. . . . .. . . . . . . ,, .- ,, d - , .



.4

mISS type in MISSILE type;
HOSTILE : in HOSTILE NIME;
NATION : in NATICNALTTY;
NETHCD : out ENGAGEMENT;METHOD) is

begin
-- insert additional body of procedure AUTOENGAGE
end AUTC ENGAGE
procedure PROB iCQUISITION(MITHOD : in out

ENGAGEMENTMETHOD) is
begin
-- einsert additional body of procedure PROBACQUISITICN
end PECE A UISITIC3;
procedure &CERTAINITT ELLIPSE(METHOD : in cut
-- ENGAGeMeNTMETHOD) i

~beg n-

b nsert additional body of procedure

-- UNCERTAINITY ELLIPSE
end UNCERTAINITY ELLIPSE;

begin
-- insert additional body of package AUTOENGAGEMENT
end AUTO ENGAGEMENT;
package MANUAL ENGAEMENT is

tvre NER LAUNCHERS;
LAO NED : Anteger range I..NBRLAUNCHERS;
CAN-NBR : integer range 1..4;
MISSILE type :integer range 1..7;
LAU INHIE T oolean '
ENGAGEMENT METHOD : string(1..50)

procedure HANMAL ENGAGE LAUNC HENBR : in LAU NBR;
CANNISTER NBR : in CA NBR;

,- °'." MISS type-: in MISSILE-tye .e"
':2 end METHOD : out INGAGEMENST ETHOD)

end MANUAL ENGAGEMENT;
package body MANUAL ENGAGEMENT is

procedure MANUAL 11!GAGEELAUNCHZBNBE . in LAUJNBR;
CANNIST R NB_ .nC ANNBR;
MISS type-: in MISSILE-type;

be MTHOD : out ENGAGEMENT METHOD) is
beg a

-nsert additional body of procedure MANUAL ENGAGE
end MANUALENGAGE;

i-- nsert additional body of package MANUAL ENGAGEMENT
end MANUAL ENGAGEMENT;
package DISPLAY is

tveMENU +ye
tyve MAISPED
VISIBILITY : Integer range 0..30;

- SEA STATE : integer range 0..10-
WIND DIRECTION : ±nteger range b..359;
VINE SPEED : integer range 0..100;
RELATIVE HUMIDITY : inteqer range 0..100;
TEMPERATURE : integer range -100..130*
BAROMETRIC PRESSURE : integer range 960..1100;
type PRECIPITATION is (YESoNO)
CORSE : nte er range 0. 59

V.- .- SPEED : integer range 0..MAXSPEED;
type LATITUDE Js record

DEGREES : integer range -90..90;
MINUTES : integer range 0..60;
SECONDS : noger range 0.60;

end record-
*ty rpe LONGITUHE is record

DEGREES : integer range -180..180;
MINUTES : ntoqer range Q..60;

enj ECOND ,: intoeger range 0.60J;era recor ;
HOSTILE NAME string( 12);
NATIONALITY :strng .'i O)
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SHIP CLASS : string (1. .9)
WEAPONS : string (1 .50)
ECM EQUIPMENT : str,5nq oo50
ENGIGEMINT METHOD : string(1..50 ;
TRACK NUMBER : integer range 100..3199;
TRACKtai : integer range l..1
V TRACK tySS : ineger range 1..;
tvte Nflrangae
USranoQ : Meger range 0..MAXrange;

BEARING : inteqer range 0..359;
HOSTILE LIT : LATITUDE;
HOSTILE ICIG : LONGITUDE;

'* ENGAGEMENT PLAN : string(1..50) ;
task MENU DISPLAY is

entry ACCESS MENU(ENU : cut MENU-type);
end MENU DISPLAY;
task LAUNCHER MISIE STATUS is

entry ACCESS LM(LAUJCHER NBR : out LAUNBR;
CA NISTER RBR : out CA NBR;
mISS type-: out MISSILE-y pe;
INHIBIT : out LAO INHISITJ;

end LAUNCHER HISS.LE STATUS;
task ENVIRONMENT is

ent_-y ACCUSS ENV IS : out VISIBILITY;
SEA :out EA S ZTE; o
WINUDIR : out-IND DIRECTION;
VINDSPD : out VIND-SPIED;
RELNUN : out RELATrVE HUMIDITY;
TEMP : out TERFEBATURE;
BARPRESS : out BAROMETRIC PRESSURE;
PRECIP : out PFICIPITATIO);end ENVIRONMENT*

task SHIP PARAN*TER is
entry ACCESSSP(SHIP COURSE : out COURSE;

SHIP SPEED : out SEED
SHIP-LATITUDE : out LATITUDE
SHIP LONGITUDE : out LONGIT6E)

end SHI-FARANETER;
task TRACK is

entry ACCESS TNR(TRACK NUN : out TRACK NUMBER;
TRACK TYP . out TRACK type;
CLASS : out VESSEL CLIESS;
RNG : out HOSrangeT
BRNG : out BEARING
HOST LAT : out HOSTILE LAT:
HOS7 LONG : out HOSTIL rlLO*G);

end TRACK*
task THREIT is

ent.y ACCESS TH(BOSTILE : out HOSTILENAME;
NATION : ot RATIONALITY;
SHIP : out SHIP CLASS;
IEPS : out VEIlTNS ,
ECU : out EC3 EGQUIMEIT;
METHOD : out INGAGEMENTMETHOD);

end THR!AT;
task ENGAGiNENT PLAN is
entry ACCESS EN(TPACK NUN : out TRACKJNUMBER;

PLAN : out-ENGIGERENTPLAN) ;
end ENGAGENT PLAN
packaqe ENGGEUNT _ISPLAY is

;zocedure AUTO DISPLAY (TRACK NU : in out TRACKNUHBER;
PLAN : in ou INGAGEENT PLAN;

HOSTILE in cut HO STIZE AE
NATION in out NATIONALITY;
SHIP : n out SHIP CLASS;
VrPs : n out WEAPONSo
IE : in out ECM EQUIPMENT;ISTROD •n Out ENG AGEMENT METHODprocedure HISUILDISPLAY(TBACK-MUM iDn out
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TRACK NUHBER,
PLAN : in out ENGAGEMENT PLAN;
HOSTILE : in out HOSTILE-NAME;
NATION ; in out NATIONALITY;
VEPS : in out WEAPONS;
ECH : in out ECH EQUI KENT;
METHOD : in out TNGAGEMEN7_METHOD) ;

vrocedure GRAPHICS;
end ENGAGEMENT DISPLAY;

end DISPLAY;
package tody DISPLAY 4s
task body ENUDISPLAY is
begin

accept ACCESS HEUU(MENU : out ,IENU type) do
-- ibsert addlticnal body of ACCES9 MENU
end ACCESS MENU;

-- insert a ditional body of task MENU-DISPLAY
end MENU DISPLAY*
task body LIUNCHERMISSILE.STATUS is
begin

acc3pt ACCESS LM(LAUNCHIR NBR - cut LAUNBR;
CANNISTER -NR : out CAN-NBR;
HISS -type : out HISSILEty pe;
INHIBIT- : out LAO INH IB TI do

. -- insert additicnal body of ACCESSLM
end ACCESS LU:

-- insert additional body of task LAUNCHER ISSILE STATUS
end LAUNCHER MISSILE ST ATUS;
task bcdy ENVIRONMINT is
begin

accevt ACCESS ENV (IS : out VISIBILITY;
SEX : out SZkSTATE;

."VIUDDIR : out WIND bIRECTION;
"INESPD : out WIND-SPEED;
RELBUM : out RELATIVE HUMIDITY;
THEP : 2at TEMEERATURI
BARPRESS : out BAROMETRIC PRESSURE;

*'-'" PIECIP : out PERCIPITATIO) do
-- 1.nsert additicnal body of ACCESSENV- . . end ACCESS

ACCnsert adaiional body of task ENVIRONMENT
end ENVIRONMENT;
task body SHIPPARA!ETER is
beqin

acca it ACCESS SP(SHIP COURSE : out COURSE;
SR' IP SPEED t out SPEED,
SHIP LATITUDE : out LATITUDE
SHIP-LONGITUDE : cut LONGITUE) do

-- insirt additicnal body of ACCE SSSP
end ACCESS SP

-- insert additional body of task SHIP-PARAMETER
end SHIF EARAMETER;
etas bcdy TRACK is.- :-.begin
acceit ACCESS TR(TRACK NUN : out TRACKNUMBER;
TRACK TP :-out TRACK type;K:.- CLASS : out VESSEL CLISS,
RNG : out HOSrange;
DRG : out BEARING.

__- HOST LAT . out HOSTILE LIT d
HOST-LCIG : out HOSTILI LOG) do

;- insert additicnal body-of ACCESSTR
end ACCESS TR:

i-- nsert additional body of task TRACK
nd TRACKtask body THREAT is

_ begin

accept ACCESS TH(HOSTIL! : out HOSTILENAE;
NATION : out NATIONALITY;
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SHIP : out SHIP CLASS;
VEPS : out gERIVNS
ECH : out C, E CUIPNENT;
METHOD : out ENGAGENENT METHOD) do

-- insert additional body-of ACCESSTH
, end ACCESS THi

insert aditional body of task THREATSend THREAT-
task body EGAGRNENTPLAN is
begin

accept ACCESS EN(TRACK HUN : out TRACKNUMBER;
PLA : out ING GEMENT PLAN) do

-- insert additicnal bony cf ACCESSEN
epd ACCESS EN:
i-- nsert additlonal body of task ENGAGEMENT-PLAN

end ENGAGEMENT PLAN;
package body E1GAGENENT DISPLAY is

r-rocedue AUTO DISPLAY(TRACK NUN : in out TRACK NUMEER;
PLAN , in out ENGAGEMN T PEAN;
HOSTILE : in out HOSTILE-NAME;
NATION : in out NATIONALITY;
SHIP : .n out SHIP CLASS;
WEPS : in out WEAPUNS'
ECK : in gut ECH E QUI PHNT;
METHOD : in out N GAGEMENT _ETHOD) isbegin

-- insert additicnal body of procedura AUTODISPLAY
end IUTC DISPLAY;
procedur4 MANUAL DISPLAY(TRACK NU : in out
TRACK WUBER,
PLAN : in out ENGAGEMENT PLAN;
HOSTILE : in out HOSTILE-NAME;
NATION : in out NTIONALITY;
BEPS :in cut REAPONS
ECU :in out ECK QO IPMlNT;
bMETHOD : in out INGAGENEN METHOD) is

-- insert additicnal body of procedure UAVULDISPLAY
end HINUAL DISPLAY;
groce ure GRAPHICS is

'nsert additicnal body of procedure GRAPHICS
end GRAPHICS;beg Ln

-- Insert additional body of package ENGAGEMENTDISPLAY
end EBNGAGEMENT DISPLAY;

Si"-nsert additional body of package DISPLAY
end DISPLAY-
vackae EATI BASE MANAGER is

package LI-STATUS _NAAGER is
type NBR-LAUNCHHRS;LI U BER :. n teger range 1..NBR LAUNCHERS;
CIN NBR : in.teger range 1. .4; -
mISS tye : integer range 1..7;
LAO IHIBIT : boclean;

task LAUNCHER MISSILE STATUS is
entry UPDATI LAU(LATUNCHEBR : in LAO NBR;
CI NISTER - in CAN NER;
MISSILE : In RISSt.ype;
LAUNCHER INHIBIT : in LAU INHIBIT);

entry ACCESS LM(LAUNCHER : oat LAUN N;
CA ISTER I out C IN NBR;
MISSILE : out MISS ype
LAUNCHER INHIBIT : out aiU INHIBIT) ;end LAUNCHER HISSILESTATUS;

end LS STATUS MANAGER;
package SP RAVAGER is

tyoe MAISPEED;
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CCUBSE : integer range 0..359;
SPEED : into qe range 0..IAXSPEED;
typa LATItUDE Es record

DEGREES : integer range -90..90;
MINUTES : integer range 0°.60;
SECONDS : integer range 0,.60;

end record-
type LONGITUDE is recordDEGREES : integer range -180..180;

MINUTES : integer range 0 .60;
SECONDS : integer range 00.60;

end record;
task SHIP PfARAETER is

entry UPDATE SPJSHIP COURSE : in COURSE;
.' -SHIP SPEED-: in SPIED*

SHIP-LATITUEE : in LATITUDE C
SHIP-LCNGITUDE : in LONGITUbE)

entryECCESS 5P(SHIP COURSE : out COURSE;
SHIP SPEED-: out SPEED
SHIP-LATITUDE : out LATITUDE;

endSHIP-LCNGITUDE : out LONGITUDE);
end SHIP"PAR&METER;

end SP MANIGER.
package ENVIRONBEN MANAGER is

VIS BILITY : integer range 0..30;
SEA STATE : int.eger range 0..10-

IND DIFECTIC : integer range 6..359;
WIND SPED : integer range O..100;
RELATIVE HUMIDITY.: integer range'0..100;
TIMPERATURE : integer range -10 .. 130
BACBETRIC PRESSURE : integer range 960.1000;
PRECIPITATION : bcolean;

task EWIRONHENT is
entry UPDATE ENV(VIS : in VISIBILITY;

SEA .in SEA STATE-
WINDD.R : 4n-VIND bIRECTION;
WINDSPD : In WIND-SPEED;
RELHUH I in RELATIVE HUMIDITY;
TEMP : in TMPERATURI-
BARPRESS : in BkROETAIC PRESSURE;
PRECIP : in PRECIPITATIO)

entry ACCESS EM(VIS : out9ViSIBILITY;
SEA : out EA STATEL
WIUDDIR : out-WIND DIRECTION;

*33 INDSPD : out WINE-SPEED;
66- RELHUM : out RELATIVE HUMIDITY;

TEMP : out TEMPERATURR
BARPRESS : cut BAROHETRIC PRESSURE;

R RCIP : out PRECIPITATIO);
end ENVIRONMENT*

end ENVIRCUMENT MANaGER*
-ackaqe THREAT ANAGER is

-CS ILE NAME-: strin 1.. 12);
NATICNALITY : strinq .. 0);
SHIP CLASS : qtring .. 9);
UEAPCUS : string(1 50)
ECK ElUIPSEINT : stilvnqd..50);
EIGAGIMNT METHOD : string (1..50) ;

task TREAT is
entry ACCESS TH(HOSTILE : out HOSTILE NAME;

1&T ON : olt NATIONALITY;
SHIP : out SHIP CLASS;
VEPS : out UEAPONS.
ECH : out BCH_ EQUIMENT;
METHOD : out ENGAGEMENTMETHOD);

end THREAT-
end THREAT MANAGER;
package TRCK MANAGER is

TRACK NUMER : integer range 100. .3199;
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TRACK ty : integer range 1..7;
VESSE1 ClASS : integer range, ..1;
type MkXrang-;
H range : integer range O..%IAXrange;
BEARING : integer range 0..359;
type HOSTILE LAT is record

DEGREES T nteger range -90..90;
MINUTES : integer range 0..60;
SECONDS : integer range 0.30,

end record;
type HOSTILE LONG is record

DEGREES t integer range -180..180;
MINUTES : integer rangg 0..60;
SECONDS : integer range 0.60;

end record;
task TRACK is

entry ADD(TRACK NUN : in TRACKNUMBER;
TRACK TY? : i TRACK type;
CLASS-* in VESSEL CLXSS;
REG : in HCSrange;
BRNG : in BEARING*
HOST LAT : in HOSfILE LAT;
HOST-LONG : in HOSTIL- LONG)

entryDELETE(TRACK NUN :in TRiCK NUMBER;
TRACK TYP : in TRACK t p) ;

ent-. ACCESS TR(TRACK 'U : out TRACK-NUMBER;
TR CKYP out TRAICK type;
CLASS-: out VESSE LCLXSS;
RG : out BCSranqe;
BERG : out BEARING*
HCST LAT : out HOSTILE LIT-
HOST-LONG . out HOSTILE LObG)

entry UPDATE TY(TRACK NUN-: in iRACK NUMBER;
TRACK TYP . in TRACT type) ;

entry UPDATE CL (TRACK VUJ : in TRICK NUMBER;
CLASS : in VESSEL CIASS) i

entry UPDATE RN(TRICK NUN : in TRACK NUMBER;
REG : in HtSrane)'

entryUPDATE BR(TR ACk NU : in TRACK NUMBER;

entry UPDATE ;A(TRHC* NUN : in TRACK NUMBER;
HOST LAT :-n HOSTIZE LAT);

entry IPDATE LO(TRkCK UMN : in TRACK NUMBER;
HOST LONG T in HOSTILELONG);

end TRACK;-
end TRACK MANAGER-
package HEi MANAGIR is

type MENU type;
task MENU is

entry ACCESS ME(MENUTY : out MENU type);
end HE! * - --

end MENU MNAJGER-
package EUGAGEMEbT PLAN MANAGER is

TRACK NUMBER : ilege range 100..3199;
ENGAGEMENT PLAN : tr~ng(1.. 50);
HOSTILE NIE : st;in 1 ..12) ,
NATICUALITY st inqil..10);
SHIP CLASS : string. •9);
WiAPONS : string(l..50).
ECG EQUIPMENT : s irnq( 1..50) ;ENGAGEMENT METHOD : sti (.

task EIG!GMENT PLAN is
entr ACCESS N TRACK NUN : out TRACK NUMBER;

PLlN:Eout-ENGAGEME T PLAN;HOSTILE : out HOSTILE-NAME;
NATION : out NATIONALTTY;
SHIP : out SHIP CLASS;
VEPS : out VEAPONS*
ECH : out ECM_EQIPMNT;
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METHOD : out ENGAGEMENT METHOD)
end ENGAGEMENT PLAN;

end ENGAGEMENT PL&3 MANIGER;
end DATA BASE 3ANAGER'
package body DATA BAS*_MANAGER is
packaqe bcdv L-STM7US MANAGER is

task body LIUNCHER:ISSILISTATUS isbegin
accept UPDATE LAU(LAUNCHER : in LAU NBR;

CANNISTER :in CAN NBR;
MISSILE : in MISS_,y pe;
L4UNCHER IN 5IIT . in LAU INHIBIT) do

- insert Idditional body of-UPDATE_LAU
end UPDATE LAU*
accept ACCESS M(LAUNCHER : out .['NBR;

-[ CANISTER :-Out CAN NBR;
MISSILE : cut HISS :ype;
LAUNCHER INHIBIT :-ou. LAU IN .3IT) do
-insert idditional body of-AC -SSLM;end ACCESS LM;

end LAUNCHER- MNISILEST ATUS;".' begin-
- nsert additional body of package LnSTATUSMANAGER
end LK STATUS ANAGER
package body SP MANIG6R is

task body SHIP_PAFiAETEB is
acce UPDATE SI(SHIPCOURSE : in COURSE;

SHIP SPEED . n SPEED;
SHIP"LATITUDE : in LATITUDE,
SUIFLONGITjDj :a'n LONGITUbE) do

-- instrt ad dit ona body of UP DATE SP
end UPDATE SP;
accept ACCESS SP(SHIP COURSE : out COURSE;

SHI P SPEED - out SP1ED*
SHIP-LATITUDE : out LAITUDE-
SIP-LONGITUDE : out LONGITUHE) do

-- Insirt additional body of ACCESSSP
end ACCESS SP

end SHIPPARIET1f;beg n
-- insert additional body of package SPMANAGER
end SP HANAGER;
package body EVIRCNMENT MANAGER is

task body ENVIPCNmENT isbeginaccbet UDATE ENV (IS : in VISIBILITY;
SEt :in L STATE*

VINDDIR : in IND _IRECTION;
WINDSPD : in WIND-SPEED;
RELHUM ' in RELATIVE HUMIDITY;
TEMP : In TEMPERA TUR;
BARPRESS : in BARCMETIC PRESSURE;

PIECIP : dI tRECIPITATIN) do
-- insert additional body of UPDATE ENV
end UPDATE ENV*
accept ACCISS iNV(VIS : out VISIBILITY;i sTA : out sIA STATM

VrINDDIR : olt W116DDRECTION;
WINDSPD : out NINE-SPEED;
BRELHUR : cut RELAT IVE alUSIDITY;
TEMP : out TEMPRRATURI*
BARPRESS : out BAROMETkIC PRESSURE;
RECIP - out PRICIPITATIOn) do

e.d insert aaditional body of A CESSENV
end ACCESS EI;

end ENVIROMNENT;

Ssort additional body of package ENVIDONMENTMANAGER
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end ENVIRONMENT MANAGER-
packaqe bcdy THREAT MANIGER is

task body THREAT is
begin

accept ACCESS TH(HOSTILE out HOSTILE NAME;
NATION : ou! NATIONALITY;
SHIP : out SHIP CLASS;

WEPS : cut WEAPONS
ECK : out ECM EQUIPMENT;
METHOD : out LNG AGEMENT METHOD) do

-- insert additional body of-ACCESSTH
end ACCESS TH;

end THREAT;
begin
einsert additional body of packagg THREAT-MANAGER

-SIend THREAT MANAGER;
package body TRACK MANAGER is

task boay TRACT is
begin

accept ADD(TRACK NUM : in TRACK NUMBER;
TRACK TYP : in-TRACK type;
CLASS-; in VESSEL CL SS;
RNG : in HOSranqe;
ENG : in EEARING"
HOST LAT : in HOSILE LAT-
HCSr-LCNG : in HOSTIL! LOUGk do

-- insirt additional bcdy of ADD;
end ADD*
accept DELETE(TRACK NUM : in TRACK NUMBER;
TRACK TYP : in TRCK type) do

-- insert additional b dy of DELETE
end DELETE:
accept ACCESS TR(TRACK NUM : out TRACK NUMBER;

TRACK TYP :-out TRACT type;
CLASS : out VESSEL CIAH5;
EN : out BOSrmn e;
BPNG : out BEARI§G;
HOST LAT : out HOSTILE LAT;
HOST-LONG : out HOSTIL! LONG) do
insert additional body-of ACCESSTR

end ACCESS TR;
accept UPD1TE TY(TRACK NUN : in TRACK NUMBER;

TRICK TYP :-in TRACK-+ype) do
-- insert additional bdy of UPDATETY
end UPDATE TY;
accept UPDKTE CL TRACK NUM : in TRACK NUMBER;

CLASS : in VESSEL CLASS) do
-- insert additional body of UPDATE CL
end UPDATE CL;
accept UPDATE RN(TRACK NUM : in TRACK-NUMBER;

RNG : in HCSrarge) d-
-- insert additional body of UPDATERN
end UPDATE EN;
accet UPDXTE BR(TRACK NUN : in TRACK NUMBER;

EndG in EEARING~ d5
srt additiona body of UPDATETR

end UPDATE TE;
acceDt UPDATE LA(TRACK NUN : in TRACK NUMBER;

HOST LAT , Tn HOSTILT LAT do
-- insirt additional bony ol UPDATE LA
end UPDATE LA;
accept UPDXTE LO(TRACK NUM : in TRACK NUMBER;

H HOST LONG :-in HOSTITE LONG) do
-insirt additional body of UPDATELO

end UPDATELO;
ed TRACK;beg~
Insert additional body of package TRACKMANAGER

end TRACK MANAGER;
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package bedy MENU MANAGER is
task body MEND is
begin

accept ACCESS ME(MENU TY : out MENU type) do
-- Insert.addiTional b~dy of MENU
end ACCESS-ME;

end MENDV; ME~~~~beqinn E

-- insert additional body of package MENUMANAGER
end MENU MANAGER;
packaos bod ENGAGEMENT PLAN MANAGER is

task Moxy ENGAGEMENTPLAV is
beqin

accept ACCESS EN TRACK NUM : out TRACK NUMBER;
PLAN : out 7NGAGENENT PLAN;
HOSTILE : cut HOSTILE-NAME;
NATION : out NATIONALTTY;
SHIP : out SHIP CLASS;WEPS : out WEAPONS*
ECU : out ICH EUIPMENT;
METHOD : out NG AGEMENT METHOD) do

-isert additional body of ACCESS EN
end ACCESS EN*

end ENGAGEMENT PLAN;begi.n
-- insert additional body of package

ENGAGEMENT PLAN MANAGER
end ENGAGEMENT PLAJMANAGER;

beg in
-- insert additional body of package DATABASEMANAGER
end DATA BASE MANAGER;
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